


For Reference 


NOT TO BE TAKEN FROM THIS ROOM 





Digitized by the Internet Archive 
in 2019 with funding from 
University of Alberta Libraries 


https://archive.org/details/Mermelstein1964 


Tha ety 


lf a 





snp 
ee ee ee le 
Basal OcAL WEPMGET OF ER eTETL URN RS 
i. i postas oF Paice 
a 
} = 
ee 





THE UNIVERSITY OF ALBERTA 


THE SOLVOLYSIS AND REARRANGEMENT OF 


2-ARYL-2-PROPYL ARENESULFINATES 


BY 


ROBERT MERMELSTE IN 


A THESIS 
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES 
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE 


OF DOCTOR OF PHILOSOPHY 


DEPARTMENT OF CHEMISTRY 


EDMONTON, ALBERTA 


AUGUST 1964 


gi 
(3) wap 
ep 


7 
7 
- 





THE UNIVERSITY OF ALBERTA 


FACULTY OF GRADUATE STUDIES 


The undersigned certify that they have read and recommend 
to the Faculty of Graduate Studies for acceptance a thesis entitled, 
"The Solvolysis and Rearrangement of 2=Aryl-2=propyl Arenesulfinates", 
submitted by Robert Mermelstein in partial fulfillment of the require- 


ments for the degree of Doctor of Philosophy. 





ABSTRACT 


The reaction of a number of 2aryl-2-propyl 2,6—dimethylbenzene= 
sulfinates in a variety of hydroxylic solvents was examined. The 
principal reaction appears to be that of solvolysis, accompanied by 
a variable degree of rearrangement to the corresponding sulfones. 

In ethanol, the rate of reaction of 2=p-nitrophenyl-2-propyl, 2=p- 
bromophenyl-2-propyl, 2=phenyl-2=propyl, 2=-p-tolyl-2propyl and 
2=-p-methoxyphenyl=2-propyl 2,6—dimethylbenzenesulfinates are of the 
relative order expected for an ionization reaction. Solvolysis and 
rearrangement are almost equally sensitive to changes in the ionizing 
power of the solvent. These results are consistent with an ionic 
mechanism. 

For both 2=phenyl=-2=propyl and 2=p-methoxyphenyl=-2-propyl 
2, 6—dimethylbenzenesulfinates no common ion rate depression is 
observed during solvolysis, and the yield of sulfone is unaffected 
by the presence of added 2,6—dimethylbenzenesulfinate ion. Under 
comparable conditions, the reaction of the corresponding bromides 
in the presence of 2,6—dimethylbenzenesulfinate ion gives rise to 
negligibly small amounts of sulfone. The reaction of the esters 
in the presence of tetrabutylammonium 4-methylbenzenesulfinate does 
not yield any of the exchanged sulfone. These results are consistent 
with an ionic intramolecular rearrangement for sulfone formation. 
Ion pair return has thus been detected by the sulfinate-sulfone 
rearrangement. 

Examination of the kinetic data and product analyses from 


the reaction of 2=p-bromophenyl-2=propyl and 2=p=<tolyl-2=propyl 
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2)6—dimethylbenzenesulfinates in ethanol disclosed that these arene- 
sulfinate esters as well underwent reaction exclusively with carbon- 
oxygen bond cleavage. In contrast, the reaction of 2=p-nitrophenyl-2~ 
propyl 2,6—dimethylbenzenesulfinate in ethanol takes place by both 
carbon-oxygen and sulfur-oxygen bond cleavage. 

An examination of the effect of azide ion on the reaction of 
the 2-phenyl-2-propyl system provides unequivocal evidence that at 
least two species are precursors for solvolysis products, and at least 
one of them is an ion pair. Sulfone cannot be trapped effectively by 
azide ion. In the reaction of 2—p=-methoxyphenyl=-2=propyl 2,6=—dimethyl- 
benzenesulfinate, azide ion serves as an effective trapping agent for 
the precursors of both solvolysis product and sulfone. The results 
require at least one common intermediate, which is an ion pair and in 
principle, can be completely diverted to give the corresponding azide. 

A correlation between the rates observed and the pU'relation- 
ship has been made. A comparison of sulfone formation from various 


arenesulfinate esters is given. 
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INTRODUCTION 


The study of solvolysis reactions through the past thirty years 
has become one of the most fruitful areas of research in the field of 
physical-organic chemistry. Many solvolysis reactions have been shown 
to involve ionization of the substrate, resulting often in products of 
partially inverted configuration (1). Racemic solvolysis products 
would be expected to be formed if free carbonium ions were the only 
intermediates involved. The intervention of ion pairs in solvolysis to 
explain the partially inverted configuration of A-phenylethyl acetate 
formed in the acetolysis of the bromide was first suggested by Hammett 
(2). Experimental evidence of the caren of ion pairs was first 
reported by Ycung, Winstein and Goering (3) who studied the acetolysis 
of &,% -dimethylallyl chloride. Solvolysis of this compound is accom- 
panied by rearrangement to X , X¥ -dimethylallyl chloride. The first- 
Order rate constants drifted rapidly downward from the initial values. 
The final value of the observed first-order rate constant was the same 
as that for ¥, & -dimethylallyl chloride. When solvolysis of the 
initially pure &,@-dimethylallyl chloride was stopped after 35 per 
cent reaction, only X,& -dimethylallyl chloride was isolated. Addition 
of chloride ion had no effect on the rate. Common ion rate depression 
would be expected if the rearrangement involved free allylic carbonium 
ions. These results can be best explained by a concurrent intramole- 
cular rearrangement and solvolysis involving a common intermediate. This 


intermediate ion pair can partition itself in a number of ways: return to 
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Starting material or rearranged chloride, or react with solvent to form 
the respective acetates. 
In the past decade, considerable further evidence has been 
presented on the importance of ion pairs in solvolysis. Extensive study 
of the solvolysis of various compounds led Winstein and co-workers (4) 


to propose a scheme which involves two types of ion pairs: 
+ - +/ + = 
RX ==> RX p= R//X = R's X 


i oe 


Products 
R*X" is an "intimate ion pair" in which the two ions are held in close 
proximity such that no solvent molecules are between them. Tae eee 
the "external or solvent separated ion pair" in which the oppositely 
charged ions are separated by a small number of solvent molecules, 
but held together as one unit in the solvent. Products may be formed 
from both ion pairs, as well as from free ions. 

In the acetolysis of threo-3-p-anisyl-2-butyl p-bromobenzene- 
sulfonate at 25°, the polarimetric rate constant exceeds the titrimetric 
rate constant by a factor of four (5). Added p-bromobenzenesulfonate ion 
has no effect on the rate of the reaction. Addition of lithium perchlor- 
ate gives rise to a linear increase in the polarimetric rate, which is 
usually referred to as a "normal salt effect." In contrast, the titrimetric 
rate under the same conditions shows a steep rise up to ca. .03 M 
lithium perchlorate concentration (special salt effect) followed by a 
linear increase. When the linear portion of the curve is extrapolated 
to zero lithium perchlorate concentration, the k, intercept (ext.) is 
about 2.6 times the observed titrimetric rate in the absence of lithium 


perchlorate. At no salt concentration is the titrimetric rate constant 
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equal to the polarimetric rate constant. These results are illustrated 
in Figure I. Ionization of the starting material would be expected to 
yield the symmetrically bridged ion, hence the loss of optical activity 
is measured by the polarimetric rate. Since the steep rise in rate 

on addition of lithium perchlorate affects only the titrimetric rate and 
not the polarimetric rate, it cannot be an ionic strength phenomenon 

on the ionization rate and must be concerned with the dissociation of 
ion pairs once they are formed. Lithium perchlorate prevents a fraction 
of ion pair return by exchanging with the ion pair produced to form the 
highly reactive carbonium perchlorate ion pair, which cannot return but 
solvolyzes rapidly. If all of the return were stopped, the polarimetric 
and titrimetric rate constants would be equal. This, however, has not 
been observed. The absence of common ion rate depression indicates 

that dissociated ions are not involved in the reaction. Therefore two 
types of ion pairs must be present, one of which is unaffected by the 
presence of lithium perchlorate. 

If the acetolysis is carried out in the presence of lithium 
perchlorate and added common ion salt, lithium p-bromobenzenegulfonate 
the observed titrimetric rate is considerably lower than that found in 
the presence of lithium perchlorate alone (6). Since the exchange 
reaction between the original ion pair formed and lithium perchlorate 
is reversible, the addition of the common ion salt should depress the 
special salt enhanced rate and thus give rise to "induced common ion 
rate depression," as illustrated below. The occurrence of such an 
induced depression in rate is further support for the exchange mechanism 


of the "special salt effect." 
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FIGURE I 
Effect of lithium perchlorate on acetolysis of threo-3-p~anisyl-2-butyl 
p~bromobenzenesulfonate at 25° (taken from S. Winstein & G.C. Robinson, 


J. Am. Chem. Soca, 80, 169 (1958) .) 





ine 


+ - Res fehl ies oe 


(MT Y-) | (M*X") 
R//T wennmnety ROS 

Ion pair return has been also shown to take place in the solvoly- 
sis of optically active ,y -dimethylallyl p-nitrobenzoate in 90% 
aqueous acetone and in other allylic systems (7). In the reaction of 
the above compound, the polarimetric rate constant is five times the 
titrimetric rate constant. 

The previously described work demonstrated the presence of ion 
pairs in the solvolysis of compounds which yield symmetrically bridged 
ions and in symmetrical allylic systems. Here the ionization rate is 
reasonably assumed to be given by the racemization rate. In an open 
chain system, however, the intimate ion pair, BY, may not be racemic 
and thus the ionization rate is not necessarily given by the polarimetric 
rate. The rate of racemization is a minimum estimate of the ioniza- 
tion rate, since ion pair return may take place without racemization. 
Hence one must resort to other means to try and detect ionization rates 
in these systems. 

A number of methods have been used to detect ion pair return in 
open chain systems. In the case of substituted benzhydryl chlorides a 
method involving racemization of the carbonium ion has provided evidence 
for ion pairs. Racemization of optically active p-chlorobenzhydryl 
chloride was faster than its solvolysis by a factor of 2.5 in 80% 
acetone, and by a factor of 30-/0 in acetic acid (8). In 80% acetone, 


the racemization rate was greater than the sum of the titrimetric rate 
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and exchange rate (with 36¢1) by a factor of two. Since the exchange 
reaction gives the possible magnitude of common ion rate depression, 
racemization must take place without the formation of free ions and 
thus must involve ion pair return. Similar conclusions were arrived at 
by Pocker (9), who studied the solvolysis of optically active 
C6HaCDC1CgDs and CgH3CHC1CgD5 in 80% acetone at 25°. 

An alternate method used to detect ion pair return involves 
isotopic labelling of a portion of the leaving group. Exchange of 186 
between carbonyl and ether oxygens is three times faster than solvoly- 
Sis in the reaction of benzhydryl p-nitrobenzoate carbony1-!8o in 90% 
aqueous acetone (10). The intramolecular oxygen equilibration accom- 
panying solvolysis involves ion pair return. 

Recently, Goering and coworkers (11) have presented additional 
evidence for the existence of two types of ion pairs. In the solvoly- 
Sis of optically active p-chlorobenzhydryl p-nitrobenzoate carbonyl1-!8o 
in 80 and 90% aqueous dioxane, scrambling of the carboxyl oxygen atoms 
and racemization takes place. With added sodium azide, racemization 
is completely eliminated, while scrambling of the wa label still takes 
place (12). Goering states that two types of ion pairs must be present, 
as return from one gives racemization and scrambling, while return from 
the other results in scrambling only. 

Recently, ion pair return has been detected in systems, where the 
anionic portion of the molecule can recombine with the carbonium ion to 
yield a stable product which is isomeric with the starting material. 


In solvolysis of benzhydryl thionbenzoate in ethanol, 83% thiolbenzoate 


and 17% benzhydryl ethyl ether is formed (13). Under identical 
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conditions the relative rates of reaction of p-methylbenzhydryl 
thionbenzoate and eatitbenberehicioyl thionbenzoate compared to benzhydryl 
thionbenzoate are 17 and 0.53 respectively. Therefore the reaction is 
sensitive to substituent effects. When equimolar concentrations of 
potassium p-methoxythiobenzoate and benzhydryl thionbenzoate are allowed 
to react in ethanol, no benzhydryl p-methoxythiolbenzoate was formed. 
The absence of exchange indicates that dissociated ions are unimportant 
for the formation of rearranged products. Therefore, at least 83 per 
cent of the reaction proceeds by ion pairs. Similarly benzhydryl 
thiocyanate in a number of solvents yields predominantly benzhydryl 
isothiocyanate principally by ion pair return (14). 

In the solvolysis of optically active arenesulfinate esters, 
racemization may take place on ion pair return in a manner similar to 
that observed with chlorides. In addition, ion pair return in arene- 
sulfinate esters may be accompanied by the formation of a new compound, 
Q sulfone, isomeric with the starting material. Sulfones are stable 
under the expected reaction conditions (15). 

In the solvolysis of carboxylate esters, alkyl or acyl-oxygen 
bond cleavage may take place. In an analogous manner, the solvolysis 
of arenesulfinate esters may proceed by sulfur-oxygen or carbon-oxygen 
bond fission. The extent to which each of the above processes will 
take place, depends on the structure of the ester and the reaction 
conditions used. 

Ethanolysis of an arenesulfinate ester when sulfur-oxygen bond 
cleavage takes place, would be expected to yield the parent alcohol 


and ethyl arenesulfinate, as shown in equation 1. 
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Ar-SO.OR + EtOH ———> Ar.SO.OEt + ROH (1) 

If carbon-oxygen bond cleavage takes place under identical conditions, 
the expected products would include the sulfone, ethyl ether from the 
initial ester, olefin and sulfinic acid (provided no esterification of 
the latter takes place), as shown in equation (2). 

Ar.SO.OR + EtOH ———>» Ar.SO.OH + ROEt + olefin + ARs ER. 

(2). 

Noreyko (16) has recently presented a discussion of sulfur-oxygen 
bond cleavage in similar systems. Since our interest lay primarily in 
the ionization reactions of arenesulfinate esters, only those systems 
which may involve carbon-oxygen bond cleavage will be mentioned in this 
section. 

Kenyon and Phillips (17) noted that optically active &-phenylethyl 
4-methylbenzenesulfinate on standing at room temperature yielded among 
other products racemic oa-phenylethyl 4-methylphenyl sulfone. Solvoly- 
sis of the above ester in acetic acid resulted in the formation of 
racemic a-phenylethyl acetate and a little racemic Q-phenylethyl 
4-methyphenyl sulfone (18). Ethanolysis of the optically active ester 
yielded the corresponding ethyl ether of slightly inverted configuration. 
In contrast, solvolysis in ethanol in the presence of added potassium 
carbonate resulted in &-phenylethyl alcohol of completely retained 
configuration. The formation of &-phenylethyl alcohol of retained 
configuration indicates that sulfur-oxygen rather than carbon-oxygen 
bond cleavage was taking place. Racemic Q&-phenylethyl acetate and 
&-phenylethyl 4-methylphenyl sulfone must have been formed through 


carbon-oxygen bond cleavage. Similarly &-phenylethyl ethyl ether of 
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inverted configuration was formed by carbon-oxygen bond fission. 

Solvolysis of optically active 4-methylbenzenesulfinate of ethyl 
3-hydroxy-3-phenylpropionate in ethanol, resulted in the corresponding 
ethyl ether of partially inverted een binuseeiad (19). In the presence 
of potassium carbonate, the above ester in ethanol yielded principally 
the alcohol of completely retained configuration. These results suggest 
that carbon-oxygen bond cleavage was taking place in the absence of 
potassium carbonate. The formation of ethyl 3-hydroxy-3-phenylpropionate 
from ethanolysis in the presence of potassium carbonate is indicative 
of sulfur-oxygen bond cleavage. Similarly acetate and formate of 
retained configuration were the products of acetolysis and formolysis, 
once again suggesting sulfur-oxygen bond cleavage to be the principal 
reaction. 

In a later publication the solvolysis of optically active 
&-=phenylethyl 4-methylbenzenesulfinate was re-examined (20). In formic 
acid a 60 per cent yield of racemic sulfone was isolated after purifica- 
tion. Solvolysis of the ester, (1 molar) in formic acid containing 
sodium formate (2.5 molar), resulted in the isolation of only 10 per 
cent sulfone (purified). However, the sulfone was formed with 63 per 
cent net retention of configuration. The &-phenylethyl formate 
isolated in the above reaction was also of partially retained configura- 
tion, indicating that sulfur-oxygen bond cleavage was also taking place. 
Kenyon suggested that sulfone formation occurred by two paths, racemic 
sulfone was formed by ionization, while sulfone of retained configuration 
arose via a non-ionic intramolecular rearrangement. Streitwieser 


proposed (21) that sulfone of retained configuration may be formed by 
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ion pair return. 

Cope, Morrison and Field (22) studied the thermal rearrangement 
of allylic benzenesulfinates. Both O&-methylallyl and Y-methylallyl 
benzenesulfinate in toluene at 100° gave rise to about 20% XJ -methylallyl- 
phenyl sulfone. The authors suggested that sulfone formation may occur 
by any of the following three paths, but could not make a definite 
decision among them: allylic rearrangement to yield sulfone, followed 
by the formation of a mixture of the two possible sulfones, or allylic 
rearrangement to give a mixture of the two sulfinate esters, followed by 
rearrangement to yield sulfone; or by an ionic mechanism. 

Wragg, McFadyen and Stevens (23) investigated the rearrangement 
of a number of arenesulfinate esters in polar and non-polar media. They 
eitinil that benzhydryl 4-methylbenzenesulfinate rearranged to the corres- 
ponding sulfone in acetic acid and in nitromethane, but in acetonitrile, 
benzene or toluene, no reaction took place unless 4-methylbenzene- 
sulfinic acid was added. When the reaction in acetic acid was carried 
out in the presence of p=chlorobenzenesulfinic acid, benzhydryl 
p.-chlorophenyl sulfone was also detected. Qualitatively, the rates of 
rearrangement of the homogeneous 4-methylbenzenesulfinates, were found 
to be in the order cumyl S@phenylethyl ; o-methylbenzhydryl > benz= 
hydryl. The above order is consistent with a rate determining ioniza- 
tion. The sulfone yields also followed the above order. However, acid 
catalysis may have taken place, as no base was added, nor were rate 
constants measured. The fact that exchange was observed in the forma- 
tion of sulfone is also consistent with an ionization process. 


Recently McLaren (24) has shown that the sulfone formed in the 
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solvolysis of Q&-phenylethyl 2,6-dimethylbenzenesulfinate in 60% 


ethanol is almost completely of retained configuration. Solvolysis 

of &-phenylethyl bromide in the presence of 2,6-dimethylbenzenesul finic 
acid under the above conditions does not give rise to significant amounts 
of M&-=-phenylethyl 2,6-dimethylphenyl sulfone. Because the yield of 
sulfone is unaffected by the addition of 2,6-dimethylbenzenesulfinate 

ion in solvolysis, these results strongly suggest that sulfone arises 
through ion pair return. 

The reaction of trityl 2-methylbenzenesulfinate in acetonitrile 
yields trityl 2-methylphenyl sulfone (25). When the reaction is carried 
out in the presence of tetrabutylammonium azide, there is no change in 
the rate of reaction, however, a maximum of ca. 45 per cent trityl azide 
is formed. These results were interpreted in terms of two distinct 
intermediates, an intimate ion pair and either a solvent separated ion 
pair or free ions or both. 

Brown and coworkers (26) studied the solvolysis of ortho, meta 
and para substituted 2-phenyl-2-propyl chlorides in aqueous acetone. 
From the rate constants for solvolysis, a plot of log k versus the @ 
constants was made which was not linear for the para substituted com- 
pounds. Principal deviations were caused by electron donating substi- 
tuents whose rate constants were faster than predicted by the 0 values. 
A new relationship Pisieee was defined, causing all of the points to fall 
on a single straight line. The authors also suggested the use of gt 
values rather than @ in describing strong resonance interactions of 
electron donating substituents with electron deficient centers. Brown 


and coworkers assumed that the ionization rate constants were given by 
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the measured solvolysis rate constants. Since their data gave no 
information at all on ion pair return, ionization rate constants may be 
very much higher than the observed solvolysis rate constants. 

The study of tertiary arenesulfinate esters could give valuable 
information on ion pair return in these systems. 2-Phenyl-2-propyl 
2,6-dimethylbenzenesulfinate is a tertiary arenesulfinate ester, in which 
substituent effects on the rate of reaction could also be studied. 
Therefore, an investigation of the reactions of 2-phenyl-2-propyl 
2,6-dimethylbenzenesulfinate and its para substituted derivatives was 


initiated. 
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CHAPTER I 
THE IONIZATION OF 2-PHENYL-2-PROPYL 2,6-DIME THYLBENZENESULFINATE 
INTRODUCTION 


In this chapter the preparation of 2-phenyl-2-propyl 2,6-dimethyl- 
benzenesulfinate and its ethanolysis products is described. Solvolysis 
of this arenesulfinate ester in the presence of weak bases was studied in 
a number of solvents including ethanol, aqueous ethanol, aqueous dioxane 
and acetic acid. The effect of added salts was evaluated. Most of the 
results were obtained in anhydrous ethanol and acetic acid. Results of 


product isolation in anhydrous and aqueous ethanol are also given. 


RESULTS 





The reaction between acetophenone and methylmagnesium iodide in 
ether solution afforded 2-phenyl-2-propanol. During the isolation procedure 
care was taken to wash the ethereal solution thoroughly with water to 
remove any acidic impurities which may catalyze the elimination reaction 
to form 2—phenylpropene. The infrared spectrum (carbon disulfide) of 
the material showed absorption at 3580 and 3480 cme, characteristic of 
alcohols. The n.m.r. spectrum (carbon disulfide) showed a complex 
multiplet at 3.0% and two singlets at 6.75 and 8.659 in the ratio of 
5:1:6. The multiplet at low field is due to the five aromatic protons; 
the high field singlet is assigned to the six methyl protons, while the 


Signal at 6.753 is due to the hydroxyl proton. 
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2,6-Dimethylbenzenesulfinic acid was prepared by treatment of 
2,6-dimethylaniline with nitrous acid; the solution was saturated with 
sulfur dioxide, followed by the addition of copper powder. (27) 
Structural assignment was made on the basis of the n.m.r. spectra. 
Singlets at -5.65 and 7.189 (pyridine) in the ratio of 1:6 are ascribed 
to the acidic and the six methyl protons, respectively; in methanol, sig- 
nals at 2.85 and 7.353 in the ratio of 1:2 are assigned to the three ring 
and six methyl protons, respectively. The infrared spectrum (nujol) 
showed a broad band around 2480 cm.~! and a sharp band at 1050 cm. 1 among 
Others. Bellamy (28) states that sulfinic acids in solution exhibit a 


strong band near 1090 cm. 7t. 


The sulfinic acid thus obtained was suffi- 
ciently pure for preparative purposes; however, for use in kinetic runs 
it was recrystallized from wet ethanol. The neutralization equivalent 
of 170.4 compares well with the calculated value of 170.2. 

Treatment of 2,6-dimethylbenzenesulfinic acid with thionyl 
chloride in pentane gave rise to 2,6-dimethylbenzenesulfinyl chloride. 
Due to its facile hydrolysis, the acid chloride was not characterized, 
but allowed to react with 2-phenyl-2-propanol in pyridine at Dry Ice- 
acetone temperature. The ester was isolated by extraction with ether, 
and recrystallized from ether-pentane or pentane. The infrared spectrum 
of 2-phenyl-2-propyl 2,6-dimethylbenzenesul finate (carbon disulfide) 
showed a strong band at 1130 en. which is characteristic of sulfinate 
esters (28). The n.m.r. spectrum (carbon disulfide) showed signals at 
2.9 (m), 7.58 (s), 8.18 (s), and 8.359 (s) in the ratio of 8:6:3:3. 


The multiplet at low field, equivalent to eight protons, is due to the 


P Crs ' 
eight aromatic protons, while the singlet at 7.58 J is due to the six 
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methyl protons attached to the aromatic ring. The two singlets at high 
field are those of the aliphatic methyl groups. This splitting of the 
Signal of substituents on the carbon atom adjacent to the arenesulfinate 


group will be discussed later. 


Preparation of 2-phenyl-2-propyl 2, 6-dimethylphenyl sulfone 

Our projected synthetic route for the preparation of 2-phenyl- 
2-propyl 2,6-dimethylphenyl sulfone involved the reaction of 2,6- 
dimethylthiophenol with either 2-phenyl-2-propanol or 2-phenylpropene 
according to method E of Ipatieff (29) to give the sulfide, which on 
oxidation with hydrogen peroxide would be expected to yield the sulfone. 

2,6-Dimethylthiophenol was prepared by the method of Tarbell and 
Fukushima (30). Diazotization of 2,6-dimethylaniline with nitrous acid, 
followed by treatment with potassium ethyl xanthate, gave 2,6-dimethyl- 
phenyl ethyl xanthate which on alkaline hydrolysis afforded 2,6-dimethyl- 
thiophenol. The infrared and n.m.r. spectra were superimposable upon 
those of an authentic sample kindly donated by R. A. McLaren. Attempted 
preparation of the sulfide by the above method or variations of it did 
not succeed. Attempts to prepare the sulfone by either the method of 
Balfe and Kenyon(3l) or that of Wragg, McFadyen and Stevens (23) proved 
equally unsuccessful. The former method involves the reaction of 
2-phenyl-2-propanol with sodium 2,6-dimethylbenzenesulfinate in acetic 
acid at room temperature, while the latter procedure calls for the 
reaction of 2-phenyl-2-propanol with 2,6-dimethylbenzenesulfinic acid 
in acetic acid at 90° in the presence of hydrochloric acid. The 


reaction of 2-phenyl-2-propanol with 2,6-dimethylbenzenesulfinic acid in 
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-16- 
formic acid containing sodium formate, according to the method of 
Davies, Forster and Nery (32), gave rise to good yields of 2-phenyl- 
2-propyl 2,6-dimethylphenyl sulfone. The infrared spectrum (carbon 
tetrachloride) of this material showed strong absorption at 1308 and 
1135 cm.~!, characteristic of sulfones (28). The n.m.r. spectrum (car- 
bon disulfide) exhibited signals at 2.8 (m), 7.92 (s), 8.3097 (s) in 
the ratio of 4:3:3. The multiplet at low field is due to the eight 
aromatic protons on the two aromatic rings, while the singlets at 7.92 


and 8.303 are due to the six aromatic and six aliphatic methyl protons. 


Preparation of Solvolysis Products 

Dehydration of 2-phenyl-2-propanol with phosphoric acid gave 
rise to 2-phenylpropene. The infrared spectrum of the material (neat) 
showed strong absorptim at 1625 and 895 cm.~! which is characteristic 
of unsaturated compounds (33). The n.m.r. spectrum (carbon tetra- 
chloride) showed signals at 2.7 (m), 4.76 and 5.00 (m) and 8.05$ (d) 
in the ratio of 5:2:3, which are assigned to the five aromatic, two 
olefinic and three methyl protons respectively. 

Preparation of the expected ethanolysis product, 2-phenyl-2- 
propyl ethyl ether, was effected by reaction of 2-phenyl-2-propanol 
with anhydrous ethanol in the presence of concentrated sulfuric acid, 
according to the procedure of Wallis and Bowman (34). The n.m.r. 
spectrum (carbon tetrachloride) showed signals at 2.7 (m), 6.85 (q), 
8.55 (s) and 8.907 (t) in the ratio of 5:2:6:3. The multiplet at low 


field, equivalent to five protons, is due to the five aromatic protons; 


the singlet at 8.559 to six methyl protons, while the quartet and 
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triplet in the ratio of 2:3 have been assigned to the ethyl grouping of 
the molecule. 

Treatment of 2-phenylpropene with hydrogen bromide in methylene 
chloride solution gave rise to 2-phenyl-2-propyl bromide, following 
removal of solvent. Volhard titration gave a molecular weight of 203 
which corresponds to 98 per cent purity, based on a calculated molecular 
weight of 199.1. The n.m.r. spectrum (carbon tetrachloride) showed a 
multiplet at 2.659 and a singlet at 7.927 in the ratio of 5:6. The 
signal at low field is due to the five aromatic protons, while the 
Singlet is due to the six methyl protons. 

When 2=phenyl-2-propyl bromide was allowed to react with sodium 
azide in aqueous acetone, a mixture of 2-phenyl-2-propyl azide, olefin 
and alcohol was obtained. 2-Phenyl-2-propyl azide was separated by 
chromatography on alumina and exhibited intense absorption at 2100 
om. >, The n.m.r. spectrum (carbon tetrachloride) showed only two 
Signals, a multiplet at afb T and & Singtet “at GAs in “the ratio of 
5:6. Absorbance at 2100 cm.~! is typical of azides (35), while the 


n.m.r.- signals are assigned unambigously to the five aromatic and six 


methyl protons. 


Kinetic Procedure 

Kinetic runs were carried out in sealed ampoules at 70.04 t .03 
and 90.00 £ .03°, and in volumetric flasks at 0.00 ¥ .08 and 25.00 = .03°. 
The initial concentration of arenesulfinate ester was .020-.025 M with 


a few exceptions. For the reactions carried out at 70 and 90°, one 


ampoule which was not put into the constant temperature bath was reserved 
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as a "blank." 

When the solvent used was ethanol, aqueous ethanol or aqueous 
dioxane, 2,6-lutidine was the added base. Lutidinium 2,6-dimethylbenzene- 
sulfinate formed in solvolysis was titrated with sodium methoxide to the 
pink end point of phenolphthalein. From the titers obtained, the 
first-order rate constant was calculated by means of the equation, 


2.303 Lhe? ~ 1) 





where T is the titer at time t. 

The rate constants are based on experimental "infinity" values 
and thus measure the total rate of reaction. Generally the reactions were 
followed to 80-85 per cent complete reaction.Percentage infinity titers 
shown are obtained by subtracting the titer of the "blank" from the 
experimentally observed “infinity titer," and dividing by the theore- 
tical “anifaaticcys thiet esc" 

The sulfone produced in the reaction was measured by infrared 
spectrophotometry. Each sample was carried through a standard 
extraction procedure using pentane, and the latter removed. A 
standard amount of carbon tetrachloride was added to each sample and the 


percentage transmittance recorded in the infrared near 1308 cme), 


From 
the values obtained, the first-order rate constant was calculated by 


means of the equation, 


2.303 (Dea -Do) 


t SE is =D) 


=< 
iH] 


where D is the absorbance at time t. 


From the absorbances of the samples after at least ten half-lives 
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for the reactionythe concentration, and thus the percentage sulfone 
formed in the reaction could be calculated. Thus, for practically all 
runs in ethanol and aqueous dioxane solutions, the rate of arenesulfinate 
ester disappearance was measured both by titrimetry and infrared spectro- 
photometry. 

By subtracting the absorbance of the "blank" from that of the 
"infinity point," the concentration of sulfone could be determined from 
the Lambert-Beer plot. Dividing the concentration of sulfone by the 
concentration of starting ester resulted in the fraction or percentage 
sulfone values listed in the various tables. 

In rate runs where either sodium azide or tetrabutylammonium 
azide has been added, the transmittance due to 2-phenyl-2-propyl azide 
was also recorded between 2200 and 2000 cm.~!, and from the values 
obtained the first-order rate constants were calculated. 

To determine whether or not the Lambert-Beer law was obeyed, 
an accurately weighed amount of 2-phenyl-2-propyl 2,6-dimethylphenyl 
sulfone was dissolved in 98% ethanol and quantitative dilutions of the 
solution thus prepared were effected by use of an automatic pipette. 
Aliquots of these solutions were carried through the same standard 
extraction procedure as used in the kinetic runs. The percentage 
transmittance of the carbon tetrachloride solutions of the sulfone was 
measured between 1400 and 1250 cm.7t. From the transmittance recorded 
at 1308 cm.~! the absorbance was calculated and plotted against the 
concentration of the sulfone. The relationship between optical density 
and concentration for 2-phenyl-2-propyl 2,6-dimethylphenyl sulfone is 


given in Table I and Figure II. A linear relationship is observed up to 
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-0OO5 M sulfone concentration. In this way a simultaneous check could 
be made on the extraction procedure as well as adherence to the Lambert 


Beer law. 


TABLE I 


RELATIONSHIP BETWEEN OPTICAL DENSITY AND CONCENTRATION FOK 
2-PHENYL-2-PROPYL 2,6-DIMETHYLPHENYL SULFONE AS MEASURED 
IN CARBON TETRACHLORIDE AT 1308 cm.72. 





Sulfone, bs : 
Molar T log a 
.008783 123195 1.0862 
. 00 7026 9.019 «95516 
005270 5.926 11276 
-004392 4.635 66605 
se0na13 3.456 wJadd f 
<00] 456 1.927 . 28488 
000878 1.206 13220 


Reaction in Anhydrous Ethanol 


A control run was carried out on the stability of 2,6-dimethyl- 
benzenesulfinic acid in anhydrous ethanol at 90° in the presence of 
added 2,6-lutidine. From the results recorded in Tables XL and XLI it is 
apparent that the acid titer is constant within experimental error for 
at least 177 hours. 

Reaction of 2-phenyl-2-propyl 2,6-dimethylbenzenesulfinate in 


anhydrous ethanol gave rise to good first-order kinetics. The rate 
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The relationship between optical density and concentration for 2-Phenyl-2-propyl 


2,6-dimethylphenyl sulfone in carbon tetrachloride at 1308 cm.~) , 





fs 
constants measured by titrimetry and infrared spectrophotometry are in 
most cases identical within experimental error, average deviations are 
2.5 per cent with the former and less than 5 per cent with the latter. 
The principal reaction in ethanol appears to be that of solvolysis, 
accompanied by less than 10 per cent rearrangement to 2-phenyl-2-propyl 
2,6-dimethylphenyl sulfone. The ratio of solvolysis to rearrangement is 
unaffected by changes in temperature as shown in Table II. Within 
experimental error, the same amount of 2-phenyl-2-propyl 2,6-dimethyl- 
phenyl sulfone is formed at 25, 70 and 90°. The rate of reaction at 90° 


is four times faster than at 70° and 1800 times faster than at 25°. In 


run II-171, Table XLII, carried out at 25°, the "infinity" values were 
obtained by immersing two ampoules into the 90° constant temperature 
bath for 10 hours. These ampoules had been previously kept in the 25° 
bath for 4056 hours, corresponding to more than three half-lives of the 
arenesulfinate ester at 25°. The ten hours in the 90° constant tempera- 
ture bath are equivalent to ca. 12 half-lives of the arenesulfinate 
ester. Sample reaction rates, measured by titrimetry and infrared 
spectrophotometry are given in Tables XLIII and XLIV. 

An increase in base concentration gives rise to a small decrease 
in the observed first-order rate constants. As shown in Table III, a 
change in the added 2,6-lutidine concentration from .044 to .129 M 
causes about a ten per cent decrease in rate. However, the extent of 
rate depression is small and may be within experimental error of the 
values recorded with ca. .05 M 2,6-lutidine. The change in base 
concentration has no significant effect on the amount of rearrangement. 


(Compare Runs II-69, 70; I1-125,126; and I-133,134.) The sharpness of the 
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end point in the titrations is considerably reduced in the presence of 


increased amounts of 2,6—lutidine. 


TABLE II 


SOLVOLYSIS OF 2-PHENYL-2-PROPYL 2,6-DIMETHYLBENZENESULFINATE IN ANHYDROUS 
ETHANOL AT VARIOUS TEMPERATURES WITH ADDED 2,6-LUTIDINE 


Ester Base” 104 k 
Run No.* ~=Temp.°C 102 M 102 M Sses7 Fsolv’ Pear.” 
1-165 90° 2.18 4:38 2.95. > 04 , 4904 
1-166 90° 2.18 4.38 $90 2,34 099 
1-292 70° 2.23 4.62 542 4.012 .901 
1-293 70° ec 4.62 543 t.014 .100 
genea 25° 2 0 4.49 .00128 t.00006 .905 
P=] 71 250 2.19 4.49 .00123 £.00008 102 


——eeeEeEeEoEoEEEEEIEEEEEEee———————_—_————————— 


4The "Run number" as used in this thesis is a laboratory notebook 
reference, e.g., I-165 refers to page 165 of the first laboratory note- 
book. 


“Fraction of reaction producing solvolysis products. 


deraction of reaction producing rearrangement product, sulfone. 


Addition of 2,6-dimethylbenzenesulfinate ion, (2,6-dimethyl- 
benzenesulfinic acid and 2,6-lutidine) causes a small rate increase, 
but does not affect the amount of 2-phenyl-2-propyl 2,6-dimethylpheny] 
sulfone formed. (Compare Runs I-219,220; I-223,224 and 1-165,166 in 
Table III.) There is no drift apparent in the first-order rate con- 
stants measured by either titrimetry or infrared spectrophotometry 


Piaple XLIV, XLV). 
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The effect of added salts on the reaction was also studied, and 
the results are summarized in Table III. Addition of lithium perchlorate 
causes a linear increase in rate, as illustrated in Figure III (compare 
Runs 1=-185,186; I-129,130; I-161,162; I-181,182 and I-189,190 in 
Table III). The following equation has been suggested for the correla- 


tion of salt effects on rate constants: 


k/ko = 1 4 bf sait] 


where k° is the observed rate constant in the absence of ealt, Bois ine 
observed rate constant in the presence of salt and b is the percentage 
increase in rate per 1/100 M salt concentration (36). The "b" value for 
lithium perchlorate under the above conditions is 7.5 ee As shown 
in Table III, the ratio of solvolysis to rearrangement product is 
unaffected by the addition of this salt. A sample rate in the presence 
of added lithium perchlorate is shown in Table XLVI. 

Addition of tetrabutylammonium perchlorate gives rise to the same 
type of effects as lithium perchlorate but these effects are smaller in 
magnitude. Under these conditions, a "b" value of 1.0 © .1 is obtained 
for tetrabutylammonium perchlorate. (See Runs II-58,59; I1-63,64; II-73, 
74, and II1-79,80.) Sample rates are given in Table XLVII, while the 
results of the stability of 2,6-dimethylbenzenesulfinic acid in anhydrous 
ethanol at 90° in the presence of tetrabutylammonium perchlorate are 
recorded in Table XLVIII. The addition of tetrabutylammonium perchlorate 
has little if any affect on the stability of 2,6-dimethylbenzenesulfinic 
acid under the above conditions. The effect of perchlorate salts on 


the rate of reaction is summarized in Figure III. 


ans — VV pew” Fe 





















' ors. cols gay Sai tees SOF 1 ad4ee, Coker tere 
i af H : 4 | | 
, m{4#il to aaitibpA TEE BiGST ot Gaseseeerees 
an 4 sa :t 3 : 


: pa cabaicin, Si: . ie 
‘sit beteet auhls oe otat a! araeT ott at f. 


vigils i - 
et Stet LO) 26 Ly RS bet pat 
wi4 ¥/ \ Z H€ f cA . Tue wo work’ fi 


: i ms 
Else > i 
ee 1a ») ee 

<e a 191 kh 
7 ‘ 44 at FeaTeno? sie hev panda. at oa | 

pot ser Feat Ses DB sacs 

ie ney LBS wl ooTNt aaa 

; “ty 

ole 34 -ssnay ater tore 


a . vic ina 4 ci eL wt 


. 
j FM ae : A Ph ta ea: 20 1Vo! stacy ae a os. 
6 iy 2 a ofits saga ‘ai (9 Pr eae 
fis nootiorsy salnombelty stein a 
— c 2 ; a 
ife S58 e-9* sath Jud shesimaiegq wi tel aa i : 
é a 


ey: 


aa i + 8 ‘ "a" & 20052 S209 saa oa vt 

— a 

j YA | }« i oi ae | ; 4 366 Pe eon ea’ o ntti 
; Woy ’, iy Ginvlit Be6. 22-E72 3 fami 


eo. oft) (uosnee ced tee <a$ to 


i Te veorioigd af. FG some 


164 Te Aah t MAb, wat 
oe Fe, 
be Si esiadsvittemloeS. +4 yaRLTE 


stéeriifistgd4 14 se nh“ 


ve) 
Susie ey t ngeh: 
» 


Ga Oa bY } 


7) 
- 


itt 


+4 


amg a a g 
r feat 


an 


7 





x5 - 


penuTt  us69 fe 





ooT* ge°+ OS*2 1S°T 7otoFT g9°7 S1°z O€T-1 
988° 60°F 2S°2 S°T 7OLOFI 99°7 G12 621-1 

260° Os 772 98° Totort 09°7 St°z 98T-I 
L06° Co°e 6E°% 98°0 7OLOTT 09°7 ST°2 SgT-I 

960° 60°* 95°? S6°T HOOSIV SE*6 wee Oze-I 
ET6" ZO°+ 97°2 S6°T (®)HOOSt¥ SE*6 ee°s 61-1 

860° ols El"e 7€°6 0z°2 Tee-I 
€t6* €o*+ 2° 7E°6 02°z 5 ca 

680° 7U°+ 98°T ZE°CT 70° YErrt 
Tt6* €0°* 00° c6°CT 70°? €€T-1 

080° 90°+ Z0°% 98°2T $3°T 9eT-I 
068° eL** 10°? 98°2T $3°T SCT=I 

660° 7I"* Oc* se°7 ST°% 99T-I 
706° 70°+ Se*2 ge°7 4 tae SOT-I 

260°O 90°F 0%°% ge *7 oz*2 OL-II 
716° 476°+ 2o°S 8e°7 02 °2 69-11 

€26° EL*+ Sez 2g°9 €S°% vii 

€26°0 LO*+ G2° 69°7 67°% tod! 

~°0es W,0T qT8s WOT Ret 
‘reel J *ATOS J A vO1 *offog peppy eUuTPTyNT~9 £z 104sq uny 








°SLTVS UMHLO SNOIUVA ONY ANTOTINI-9°2 aqadavy HIIM 
00°06 LY TONVHIY SNOUCKHNY NI ALVNIAINSHNAZNUATAHIEWIA-9°2 WdOUd=-Z—~IANGHd-% JO SISAIOATOS NO AUYWNAS 


III YTavd 








- coup yore 
S*tn +°38 "Tae 
3*35. 7° “ee 


F°2T 
z*"es 


ror’ 
rvcro” 
rveyo* 
rie 


ve 
ea 


“GAS 


s*Yt F*To 


“ae 
o*8e 


t*20 
¥"e0 


3°35 F*03 


*08e 
“eT3 


St2e Fo 
s°ve *"OS 


T*Ae 
- T*de 


V=R0GH 
FEROS) 


3" 32 
3°32 


3°35 
S*Ss 





~26—- 


penutzW0o 


*penutzaoo TIT Wav. 





$g0° Il’ 97°2 YEE aq n7ng 61°7 gz YeT-1I 
Seg" YO"F 62° TE°€ aq N’ng 60°? 91°z €Zi-I1 
730° ETF 09°% 80°9 ag n’ng 1S°7 LU°%% tlt-Il 
60° QF TE*z T° ag n7ng 8s°7 LIZ 9OT-II 
Lg0° 60°F geez 85°T ag yng 0S*7 Ezz OOT-II 
880° Lore g€*z 7L°S oto ning 75° 6ze2 og-II 
806° 4O*s S7tz 71° Toto N7ng 79°47 6°z 6L-II 
$90" 60°F 96*z seve Toto nna L9*7 exe Y-II 
806° zore Ez Sg°e OTD N’ng 19° €zez €L-II 
960° ze" 622 70°€ foto Ngna es gt°z 79-11 
868° GO*+ SE%% 70°€ OTO N ng €S°7 8°? €9-II 
160° eU°F €zez 7°t Toto N7ng g7*7 LUZ 6-11 
193° 80°F €z°z 79°T 7oLO N7ng g7*7 LT°Z 8S-II 
$60° zU°s Tez o7°e 7OLOFT z9°7 T1°% O6T-1 
806° Go*+ Sg*z ov°€ TOOT 23°77 Tz 68T-I 
260° Te*¥ 98° 78° fOTOFT 757 Ltre egt-I 
806°0 70°* OL°z 79° OTOTT 96°47 LUZ Igt-1 
760°0 QI°F €5°2 9S°T 7OLOFT 95° St*z zgt-I 
Yo°F 79°% 9S°T TOTOFT 95°7 GT°z T9T-I 

_°908 WOT qTes W>0T WOT 
‘reer J “Atos J G pl rotten POPPY -oUTPTAnq-9e soggy uny 











ie 
a 


TO. 


oe. 


502. 


Re. 


263. 


Wat 28S 
Sf.t £8.S 


804% E565 
Stse & 


0.% M45 
SS .+ eS 


SO.t S645 
GO.t a .S 


30,2 SaoS 
YOu SES 


90.2% BES 
Ol4% £6.58 
€f.< 0a.° 


4,2 & > 
£f.% ap5 


poet 


poet 


ad.f 
Adal 


SB6E 
@8.E 


av.3 
Ave8 


B2.f 
Ihre 
80.2 


Moet 
MoE 


OLD Wd 
4040 yee 
Of9 Ao 


foo io 


OLD Kya 
foro Kysd 


Of) 4 


x Ww 
1 Vy 
Af Hus 
A Bye 


oe 


ES.8 
aS 
Ws 








Fie g Ee 


eAIQeuoZoydor40eds pereryUtT 
4q suo puooes sy4 ‘ArZeuT 1479 Aq permseem st suo 4sITy O44 ‘peqsTT owe sumI Oger eqeoTTdnp UWeuUM x 
*pesn gq poyzey OFQeUTY (0) 
eveuTsTNseuezueqTAy,eou—7 untuommBTAANG exqey (q) *PFOe OTUTFTNseusezueqTAYZeuTG-9*e (2) 













BS* TL0° 029° 90°F Te*z L'* 8 en n/ng very €e°e (9) S€-TII 
zIe" €g0°  —-ogg* oF S9tz 60°02 Ey n’ng ze gee (2 )OV=III 
of*  €L0° It’s 97°2 60°62 en n’ng €S°7 LIZ 90z“II 
619° CL°F SG 60°62 N N7ng ese LU°2z GOZ—II 
tt” TLS 672 62°71 €x n’ng 99°7 6t°z €6I-II 
080° Lo*e ove 6 °7T Ex n’ng 89°7 6T°z z6T-II 
ovL* €Co°s z5°z 6z °7T N N7ng 99°77 61° I6T-1I 
ZeT*O cee ore ST°e en nfng 77° gT°z 1gI-1I 
80° TU°F 9z¢°2 81° Ex Nog 77 gT°z O8T=II 
Z8L° 90°F €€°z g1°S N N’ng vye4 gI°z 6LT-II 
L60° g0°F 77°z 96° 6T laLotos N’mq oz *7 0z*z 6T2-II 
€06* OL’ €7*z 96°6t (a)4aLotos n7ng = (Oz *7 0z°z SIZ-II 
Sg0° OT*+ 96°2 gS°€ SNOW rah hy § 9T°% SeT-II 
Sgo° ET*+ S9°z Tere SNOW ory BT°Z O%T=II 
980°0 go%F 97°2 LUPL ig w’ng rey T1°z YTI-I1 
$06°0 —- S0°+ OF LI°L ag N’ng rey T1°z 71-11 
_*908 W >0T qTes W OT W 50T 
pede ee teetge ATSS Bot eattog Peppy eUTPTINT=9fe OY sy umay 





*penufzaoo III WIV 





28m 


29 


28 


| LiC10, 


2.6 


104 k, seca 


iS 


24 U) 


Sr Bu,N C10, 
2.3 


5 limes 


en eRe = 
2 4 6 8 10 


[sat] x 10° M 
FIGURE III 
The effect of perchlorate salts on reaction of 2sphenyl-2-propyl 2,6-dimethyl- 


benzenesulfinate in anhydrous ethanol at 90° in the presence of 2,6—lutidine. 
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The effect of various nucleophiles on the reaction of 2-phenyl- 
2-propyl 2,6-dimethylbenzenesulfinate was also examined. Uncorrected 
titrimetric rate constants in the presence of added tetrabutyl ammonium 
bromide tended to be less precise and considerably lower percentage 
infinity titers were obtained than in the absence of the salt. As shown 
in Tables XLIX, and L, the percentage infinity titers recorded seemed to 
depend on the concentration of the added bromide and the time at which 
the infinity titer was taken. Control runs on the stability of 
2,6-dimethylbenzenesulfinic acid in anhydrous ethanol at 90° in the 
presence of added tetrabutylammonium bromide and 2,6-lutidine are given 
in Tables LI and LII and show the disappearance of acid titer with time. 

Ethyl 2 ,6-dimethylbenzenesulfinate was isolated from the water 
insoluble portion of the above reaction mixture, and its concentration 
increased with time. Sample reaction rates measured by titrimetry are 
recorded in Tables XLIX and L, titers after one and a half half-lives 
are adjusted for the disappearance of 2,6-dimethylbenzenesulfinic acid. 
The corrections added to the observed titers are based upon the change in 
titer of ca. .02 M 2,6-dimethylbenzenesulfinic acid with time, in the 
presence of comparable concentrations of tetrabutylammonium bromide and 
2,6-lutidine (Tables LI and LII). Sample reaction rates measured by 
infrared spectrophotometry are also recorded in Tables XLIX and L. 

The rate constants and percentage infinity values listed in Table IIl 
are corrected ones. It is apparent from Table III, that addition of 
tetrabutylammonium bromide has no effect on the ratio of solvolysis to 


rearrangement. 
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Addition of potassium thiocyanate resulted in erratic titers and 
lower percentage infinity titers than in the absence of the salt. A 
control (Table LIII) on the stability of 2,6-dimethylbenzenesulfinic 
acid in anhydrous ethanol at 90° in the presence of added 2,6-lutidine 
and potassium thiocyanate also showed erratic titers. Ethyl 2,6-dimethyl- 
benzenesulfinate was isolated from the water insoluble portion of the 
above reaction mixture, and its concentration increased with time. 

A sample rate of ester disappearance measured by infrared 
spectrophotometry is given in Table LIV. No absorption due to either 
2-phenyl-2-propyl thiocyanate or 2=-phenyl-2-propyl isothiocyanate was 


detected in the infrared between 3000 and 2000 is 


From runs II-120 
and II-128 (Table III) it is apparent that the fraction of sulfone at 
infinity is still unchanged within experimental error. 

A number of kinetic runs using 2-phenyl-2-propyl 2,6-dimethyl- 
benzenesulfinate in anhydrous ethanol in the presence of tetrabutyl- 
ammonium azide were carried out and are reported in Table III. Addition 
of tetrabutylammonium azide caused a change in product distribution as 
shown in Table III. On increasing the added azide concentration from 
O to .28 M, the percentage solvolysis is decreased from ca. 91% to 62%; 
the percentage rearrangement is decreased from 9.5% to 7.1% and the 
percentage of 2-phenyl-2-propyl azide formed is increased from zero to 
25.8%. Due to the relatively small amount of rearrangement observed 
in the absence of added salt (9.5 £ 1.0%) and consequent large relative 
error, it is difficult to decide whether the decrease in the amounts of 
sulfone measured in the presence of tetrabutylammonium azide is real, 


or experimental error. There is no doubt, however, as to the lower 
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percentage infinity titers and the formation of 2-phenyl-2-propyl 
azide as measured in the infrared at 2100 cm.~-. Sample reaction rates 
are given in Tables LV, LVI and LVII. Runs III-38 and III-40 were 
carried out using the kinetic procedure B, in which only the rate of 
acid production was followed. From the infrared spectrum, the concen- 
tration of azide and sulfone at infinity were calculated. 

The relationship between optical density and concentration for 
2-phenyl-2-propyl azide was tested exactly as for 2-phenyl-2—propyl 
2,6-dimethylphenyl sulfone. The results obtained are listed in Table 
IV and Figure IV. It is apparent that g linear relationship is 


obeyed. 


TABLE IV 


RELATIONSHIP BETWEEN OPTICAL DENSITY AND CONCENTRATION FOR 2-PHENYL-2- 
PROPYL AZIDE AS MEASURED IN CARBON TETRACHLORIDE AT 2100 cM.~1 





i i 19 J 
-01049 8.981 95332 
00839 see OR . 74060 
- 00630 3.963 -99802 
- 00420 aS es sl LG 


00210 1.381 - 14019 





A small rate enhancement was observed in the reaction of the 
arenesulfinate ester in the presence of .2 M tetrabutylammonium 


4—methylbenzenesulfinate (Run II-218,219, Table III). The sulfone 
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formed in the reaction was isolated by the same procedure as used in product 
analysis (see page rT) and its n.m.r. spectrum recorded at 60 Mc. and 100 Mc. 
The n.m.r. spectrum showed the presence of only 2-phenyl-2-propyl 2,6-di- 
methylphenyl sulfone. A series of control experiments were run using mix- 
tures of 2-phenyl-2-propyl 2,6-dimethylphenyl sulfone and 2-phenyl-2-propyl 
4-methylphenyl sulfone. From these experiments we estimate that ca. 5% of 
2-phenyl-2-propyl 4-methylphenyl sulfone could be detected in the presence 
of 95% 2-phenyl-2-propyl 2,6-dimethylphenyl sulfone, by measurement of n.m.r. 
Spectra at the concentrations observed in the product runs. Hence less 


than 5% of the exchanged sulfone is present. 


Solvolysis of 2-phenyl-2-propyl bromide 

Solvolysis of 2-phenyl-2-propyl bromide (.02969 M) in the presence 
of 2,6-dimethylbenzenesulfinic acid (.03085 M) in anhydrous ethanol con- 
taining 2,6-lutidine was carried out for one hour. The actual rate con- 
stant for this reaction has not been measured, but a number of estimates of 
the rate can be made. -Phenylethyl bromide in anhydrous ethanol at a5P 
has a first-order rate constant of 6 x 107© sec.7} (37). If we allow a 
factor of 10% for the effect of the additional methyl group (38), 2-phenyl- 
2-propyl bromide would be expected to have a first-order rate constant of 
as, Cex 1073 sec.7!, 2-Phenyl-2-propyl chloride in 90% acetone-water 
shows a first-order rate constant of 1.2 x 1077 sec.~! at 25° (39), thus 
one would expect in anhydrous ethanol at the same temperature a rate con- 
stant in the vicinity of 2 x in7 pee (3), since the two solvents have a 
similar Y value. If the change from chloride to bromide increases the 
rate by a factor of 30 (40), a first-order rate constant of ca. 6x 10° 


sec. | is expected for the solvolysis of 2-phenyl-2-propyl bromide in 


anhydrous ethanol at 25°. Thus both approximations give a 
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Relationship between optical density and concentration for 2-phenyl-2-propyl 


azide in carbon tetrachloride at 2100 ome, 
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rate constant of ca. 6 x 1073 sec.71 Or a half-life of about three 
minutes. Therefore, a reaction time of one hour at 25° should be 
sufficient for the completion of the reaction. 

The acid produced in the above reaction was titrated, and 
assuming a 95% purity for the starting 2-phenyl-2-propyl bromide and 
100% purity for the starting 2,6-dimethylbenzenesulfinic acid, the 
theoretical amount of acid was formed. Volhard titration showed 95.4% 
bromide formed, justifying the assumption of 95% purity for the star- 
ting bromide. 

Examination of the infrared spectrum (carbon tetrachloride) of 
the water insoluble material in the region of 1308 ome ae disclosed a 
very weak absorption which would correspond to 0.65% sulfone. However, 
2-phenyl-2-propyl ethyl ether has a weak absorption band near 1305 
ae thus there may be considerably less than 0.65% 2-phenyl-2-propyl 
2,6-dimethylphenyl sulfone formed. Even if all of the absorbance 
measured is due to the sulfone, the amount would not exceed 7.5% of 


the sulfone formed in any of the kinetic runs. 


Reaction in 80% Ethanol 


Results on the stability of 2,6-dimethylbenzenesulfinic acid in 
80% ethanol at 70° are given in Table LVIII. The acid titer is constant 
for 72 hours, which corresponds to about 100 half-lives for the reaction 


of the ester under our experimental conditions. 


Reaction of the ester in 80% ethanol at 70° gave rise to 84% 


solvolysis and 16% rearrangement product. Sample rates are given in 


i 
: 


Table LIX. As shown in Table V, addition of 2,6-dimethylbenzenesulfinate 


ion has little if any effect on either the rate of reaction or the 
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amount of sulfone formed. There is no drift apparent in the reaction 
rates, measured by either titrimetry or infrared spectrophotometry 
(Table LX). The reaction at 90° in 80% ethanol is 5.8 times faster 
than the reaction at 70° under the same conditions. No change in ratio 
of solvolysis to rearrangement was discernible. 

In Run I-299,300 shown in Table V, .1M sodium azide was added and 
Ga. 9.5% 2-phenyl-2-propyl azide was formed. The percentage solvolysis 
value decreased from ca. 84% to 73%, while the value of the percentage 
sulfone formed changed from 16% to 14.1%. Due to the small change in 
sulfone measured in the presence and absence of added azide, it is 
difficult to decide whether significant reduction in the yield of 
sulfone took place, or whether the values are, within experimental 
error, the saleo 

A summary of the rates measured in 80% ethanol is given in Table 


Vie 


Reaction in Aqueous Dioxane 

A number of rates were measured in 80 and 90% dioxane at 90°. As 
Summarized in Tables LXI, LXII, LXIII, LXIV, aqueous dioxane heated at 
90° generates acid. This reaction takes place in the presence and 
absence of 2,6-dimethylbenzenesulfinic acid. The amount of acid 
produced is reflected in the portion of the sum of Fgo)\y, plussFooar. 
exceeding unity as shown in Table VI. The development of acid by aqueous 
dioxane and aqueous acetone solutions at elevated temperatures has been 


noted by other workers (41,42). In 80% dioxane at 90°, the average sum 


of F is 1.023 or 102.3%, while in 90% dioxane at 90° the 


solv. 


Pius Pleat: 


amount is 1.056 or 105.6%. The rate constants listed in Table VI have 
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—36- 
not been corrected. Sample rate runs are given in Tables LXV, LXVI, 
LXVII and LXVIII and no drift is apparent. It is once more noted that 
the addition of 2,6-dimethylbenzenesulfinate has no appreciable effect 
on the ratio of rearrangement to solvolysis, and 2,6-lutidine causes a 


very small rate depression (Table VI). 


Reaction in Anhydrous Acetic Acid 

Acetolysis of 2-phenyl-2-propyl 2,6—dimethylbenzenesulfinate was 
carried out at 25, 70 and 90° in the presence of sodium acetate. The 
reaction rate could not be measured by titrimetry for the following 
reasons. The 2,6-dimethylbenzenesulfinic acid, being a weak acid in 
anhydrous acetic acid, does not dissociate completely. This means that 
a buffered solution is obtained, (equation])and one is in effect 


titrating only a portion of the 2,6-dimethylbenzenesulfinic acid 


produced. 
ArSOOH + OAcy == HOAc + = ArSO5 (1) 
3 ArSOOH —> brs he + ArSO3H + H20 (2) 
ArSOjH + OAc) === HOAc + = ArSO,” (3) 


Further, a significant portion of the 2,6-dimethylbenzenesulfinic acid 
formed on solvolysis of the ester is consumed according to equation 2 
to form 2,6-dimethylphenyl 2,6-dimethylbenzene thiolsulfonate and 
2,6-dimethylbenzenesulfonic acid (43). The sulfonic acid, being a 
relatively strong acid in the medium, also reacts with acetate ion 
according to equation 3, causing a further disappearance of acetate ion. 


The reaction rate was measured by following the appearance of 
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TABLE VI 


SUMMARY ON SOLVOLYSIS OF 2-PHENYL-2-PROPYL 2,6-DIMETHYLBENZENESULFINATE 
IN AQUEOUS DIOXANE AT 90.0° WITH ADDED 2,6-LUTIDINE. 





Solvent, Ester, Base ° 7 x 
Run % dioxane 10M 10“M 10* .k, .seGs Fuse Saees. 
1-141 80 OAi9 4.47 bive.t, (0a «842 
1-142 80 9.19 47 Lave 2.04 key 
sone 80 ees 9.64 k. 2424504 .849 
1-146" —-80 2.19 9.64 1,83 2 «11 172 
I-149 80 2.19 oF 1.56 = «04 . 842 
1-150 80 2,29 Gf) bata 17% 
I-113 90 ts 4.67 993+ .012 .948 
I-114 90 Dae 4.67 IaFiIvanAs <436 
ii 90 2.23 9.36 .219 = 2007 953 
T-118° 90 2.23 0.36 Bae OTe POT 
T-121 90 Pee: 9.64 .199 £ .009 943 
I-122 90 2522 9.64 £194. 2o. OW6 .109 


| 
SSS ee—e—e——e—eeEeE>=Sa9na9aDnDDanaDnaD9anD9a9D9anR9Rn9BEO9R9=E=SeejYjYjjFFFFj SSS eae cc... 


45, 6-Lutidine. 
bo 6-dimethylbenzenesulfinic acid (.0240M) added. 
“9,6-dimethylbenzenesulfinic acid (.0260M) added. 


2-phenyl-2-propyl 2,6-dimethylphenyl sulfone. Even these measurements 
are subject to some error, as 2,6-dimethylphenyl 2,6-dimethylbenzene- 
thiolsulfonate is produced, which exhibits a strong absorption band at 
1330 cm.7/, very close to the sulfone peak being measured at 1308 cm.7] 
in carbon tetrachloride. 


In contrast to the solvents previously studied, a change in the 


temperature of the acetolysis causes a small change in the amount of 
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=55- 
sulfone formed as shown in Table VII. In the presence of about .055 M 
sodium acetate, 26% sulfone is formed at 25°, while 20 and 18% are 

formed at 70 and 90° respectively. As shown in Table VII, both the 

rate of reaction and the fraction of sulfone formed are independent 

of the concentration of the added sodium acetate at 25°. Sample rate 

runs are given in Tables LXIX and LXX. 

As shown in Tables VIII and IX, addition of lithium perchlorate 
at both 25 and 70° causes a rate enhancement and a drop in the fraction 
of sulfone formed. The increase in rate observed upon addition of 
lithium perchlorate is not a linear one as illustrated in Figure V. At 
25° the "b" values obtained vary from 30 at .0048 M Licl0Qq to 120 at 
-2 MLiC10,. The rate obeys the empirically derived relationship 

k = k° (1 + 30 s + 400 s*) 
where k = observed rate constant in the presence of added lithium 
perchlorate, k° = the rate constant in the absence of added salt, and 
s = the molar concentration of added lithium perchlorate. This relation- 
ship is illustrated in Figure VI. A sample rate run is given in Table 
LXXI. 

Addition of tetrabutylammonium bromide and tetrabutyl ammonium 
perchlorate (Run II-55, II-89, II-53 and II-8/ in Table VIII) gave rise to 
an increased rate of reaction and a lower amount of sulfone compared to 
reaction in the absence of added salts. As shown in Figure V, up to 
.O7 M salt concentration a linear increase in rate is observed. Under 
these conditions, the average "b" values for tetrabutylammonium bromide 
and tetrabutylammonium perchlorate are 8.5 and 10.5 respectively. 


Sample rate runs are given in Tables LXXII and LXXIII. A summary of 
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The effect of salts on the rate of reaction of 2=phenyl-2-propyl 2,6-dimethyl- 


benzenesulfinate in anhydrous acetic acid at 25° in the presence of added 


sodium acetate, 
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The effect of lithium perchlorate on the rate of reaction of 2=phenyl=2-propyl 
2,6-dimethylbenzenesulfinate in anhydrous acetic acid at 25° in the presence of 


added sodium acetate. 
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TABLE VII 
THE EFFECT OF TEMPERATURE ON THE ACETOLYSIS OF 2-PHENYL-2—PROPYL 2, 6- 


DIMETHYLBENZENESULFINATE IN ANHYDROUS ACETIC ACID, WITH ADDED SODIUM 
ACE TATE. 





EEE 


4 tap Poh ae pagac 6 24 

un C 10°M 10°M IGF fr, wee « Feulfone 
a Se ee Se es 
I-17 250 2.16 2.80 ee 244 
II-149 25 2.18 5.60 4.210" .09 2 
II-91 25 2.18 5.60 HTgeteang 263 
11-43 25 2.16 11.20 4.29 = .14 264 
1-267 70 2.18 5.52 1670 = 140 . 203 
1-284 70 2.15 5.52 1620 = 80 204 
287 70 >. 16 5.52 1540 = 60 201 
1-255 90 2.19 5.92 5630 = 150 

1-256 90 2.19 5.52 6040 71450 Urs 
1-297 90 2.16 5.52 5890 = 170 182 


rates carried out in acetic acid at 25 and 70° are presented in Tables 
VIII and IX respectively. 

Solvolysis of 2—phenyl-2-propyl bromide in anhydrous acetic acid 
with added 2,6-dimethylbenzenesulfinic acid and sodium acetate was 
carried out at 25° for one hour. It has been reasoned earlier that 
solvolysis of the above bromide in anhydrous ethanol at 25° should be 
complete in one hour. Since anhydrous ethanol and anhydrous acetic 
acid have similar Y values, reaction of the bromide in acetic acid as 


well should proceed to completion in one hour. Measurement of the 
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-L4= 
percentage transmittance near 1308 cm.~! gave 0.61 and 0.30% sulfone 
from two experiments. Taking the higher value of 0.61%, this would 


correspond to no more than 2.5% of the sulfone formed in kinetic runs. 


Product Analysis 

A preliminary experiment showed that 2-phenylpropene and 2—phenyl- 
2-propyl ethyl ether could be separated by gas-liquid chromatography. 

A series of standards consisting of various ratios of olefin, ether and 
acetophenone (internal standard) were prepared, and analyzed in tripli- 
cate using a 2 meter "Perkin Elmer Column R (Ucon Oil 550)". Peak areas 
were calculated by multiplication of the peak height by the peak width at 
half the peak height. The area ratio of each component to the internal 
standard was calculated and plotted against the mole ratio of component to 
the internal standard. These results are given in Table X and Figure 
VII. 

A synthetic mixture consisting of 2-phenyl-2-propyl 2,6-dimethyl- 
phenyl sulfone, 2-phenylpropene, 2-phenyl-2-propyl ethyl ether and 
2,6-lutidine was dissolved in 100 ml. of anhydrous ethanol, transferred 
to a 160 ml. pressure bottle and heated for 12 hours (ca. 12 half-lives 
for the reaction of the corresponding arenesulfinate ester) in the 90° 
constant temperature bath. After cooling, the reaction mixture was 
carried through the same extraction procedure as used in kinetic runs. 
The solvent was carefully removed, and the residual oil chromatographed 
On alumina. 

To the first fraction obtained from the chromatogram, a known 
amount of acetophenone was added, and aliquots of the solution were 


analyzed by gas-liquid chromatography as described above. From the area 
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TABLE X 


ANALYSES OF SYNTHETIC MIXTURES OF 2=PHENYLPROPENE, 2=PHENYL~2=PROPYL 
ETHYL ETHER, USING ACETOPHENONE AS INTERNAL STANDARD. 


OS OS AY Og OS Ee LS RS Ca SS ES RY LY CT RT ETO GAD TTS ORATGAT EOD RMN SLA SESE Ee RE Ea REI Cae RY I NA RRO ERT GS TN | 
OR Ee GRE OR AN ES EE ee nee EE tom Se RCo AS RS SN NE RG RL) 














Operating Conditions: 2 Meter Column Perkin Elmer R (Ucon Oil 550); 
Column Temperature: 170°; Column Pressure (Helium): 25/5.6 (gauge 


pressure); Detector Voltage: 8 V » 





Fee Sy POT LD GE SM A EE GAS CS NS TA Ok a Gn Cd ee RY a Oe epee GS GN ES CoS ew ee 





Sample No. Components Weight Calculated Found average 
in ge mole ratio. area ratio.» 

I Olefin (2) 0.151 0.544 0.551 

Ether (>) ) #103 5276 1284 
Acetophenone (c 0273 

I Olefin 2225 +993 2998 

Ether e201 2652 2669 
Acetophenone w225 

III Olefin 2253 1.100 1L+111 

Ether 0155 2501 +518 
Acetophenone + 226 

IV Olefin «183 2792 2818 

Ether 0282 2908 +906 
Acetophenone 0227 

V Olefin «138 0595 2634 

Ether 0236 0757 0765 
Acetophenone 2228 

VI Olefin 2991 e381 0413 

Ether ol77 2550 2568 
Acetophenone 0235 


———— —————————————————————————————————————————————— — ———SOOOOOOQO“$@eSaSSSSSS > ——— 


(a) 2=Phenylpropene, retention time: 250 sece 
(b) 2=Phenyl-2=propyl ethyl ether, retention time: 445 sece 
(c) Acetophenone, retention time: 525 seCe 
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Calibration curve for gas liquid chromatography of 2=phenyl-2=propyl ethyl 


ether and 2=phenylpropene, using acetophenone as internal standard, 
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ratios obtained, the moles of components could be calculated by the use 
of the calibration curve Figure VII, and the values obtained are 
recorded in Table XI. 

From the second fraction obtained by chromatography, (eluted with 
15% ether-pentane), the solvent was removed and the residual solid 
material was recrystallized from pentane. Its infrared and n.m.r. 
spectra and m.p. corresponded to those of an authentic sample of 
2-phenyl-2-propyl 2,6-dimethylphenyl sulfone. 

The procedure for the actual product run was the same as in the 
model run described above, except 2-phenyl-2—propyl 2,6—dimethylbenzene- 
sulfinate and 2,6-lutidine were weighed out initially. The results 
obtained in anhydrous ethanol at 90° and 80% ethanol at 70° are shown 
in Table XII. 

In run 1-226 in 80% ethanol at 70° a slight modification in workup 
procedure was necessary. In the solid-liguid chromatography on alumina 
three fractions were taken. The first fraction was treated in the usual 
manner and the amount of olefin and ether were determined by gas-liquid 
chromatography. From the middle fraction, the sulfone was isolated, 
while removal of the solvent from the last fraction gave 2-phenyl-2- 
propanol which was identified by its infrared spectrum. 

Good agreement is found between percentage solvolysis and 
rearrangement values obtained from kinetic runs and the results of 
product isolation experiments. In anhydrous ethanol at 90°, from 
kinetic runs, 90.5% solvolysis and 9.5% rearrangement was observed, 
while in product runs 89.0% solvolysis and 9.6% rearrangement product, 


sulfone, was isolated. In 80% ethanol from kinetic runs 84.5% 
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TABLE XI 


CONTROL ON THE ISOLATION OF 2=PHENYL-2=PROPYL 2,6~D IMETHYLPHENYL 
SULFONE, 2—PHENYLPROPENE AND 2=PHENYL~2—PROPYL ETHYL ETHER IN 
ANHYDROUS ETHANOL AT 90.0° WITH ADDED 2,6-LUTIDINE. 


ee 











Compound Weight Initial Recovered % Recovery 
in ge moles, 10° moles, 102 

Sulfone 0.0622 0.216 0.210(@) 97.0 

Olefin .0886 o751 734!) 9704 

Ether 01816 1.107 1,095(b) 99.0 

2,6—Lutidine .472 AeAL1 ~ ~ 


(a) Measured gravimetrically. (b) Measured by gelece 





TABLE XII 


SUMMARY OF PRODUCT RUNS CARRIED OUT ON 2=PHENYL~2—PROPYL 2,6—DI~ 
METHYLBENZENESULFINATE IN THE PRESENCE OF ADDED 2,6-LUTIDINE. 





Compound Percentage of Product Isolated: 
Run I-208 Run I-217 Run I=226 
100% EtOH 100% EtOH 80% EtOH 
at 90,0° at 90,0° at 70,0° 








Peeisnyipropene’* 3840 38.0 2207 
ety sther (8) 

er 51.20 50.8 4le2 
2=Phenyl=2=propyl 
C= aaa 7 9b 16.2 
2ePhenyl~2-propanol (») ~ - Jel 


ga Ree RR SN RT A RR A A TO a RN ON SO SS 


Percentage starting 
Material accounted for: 9867 98 4 9942 


fa) Measured by geleCe 
b) Measured gravimetrically. 
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solvolysis and 15.7% rearrangement product was observed, while in the 
product run I-226, 83.0% solvolysis products and 16.2% rearrangement 


product, sulfone,was isolated. 
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DISCUSSION 


Arenesulfinate esters can undergo solvolysis with either carbon- 
oxygen Or sulfur-oxygen bond cleavage or by a combination of both. 
These reactions may take place under acid-catalyzed, base-catalyzed or 


neutral conditions as illustrated below. 


Acid Catalysis 


+ 
H 
hr.o0,0R + R'OH -———— > Ar.SQ5-R + Ar.SO5H + ROR' + olefin 


or 
+ 


Ar.SO.OR + R'OH pas, Ar.SO.OR' + ROH + olefin 


where R' = H or alkyl, R'OH = solvent 


Base Catalysis 


Ar.SO.OR + R'OH — 2 > Ar.SO.OR' + ROH 


Neutral Ionization 


Ar. SO. OR soy AT. 30g” + R* 
Ar.SQo + R* —— > Ar.SO5.R 

Rt ic een eee ae 

R* mm Hating 


It has been shown in these laboratories (15,16) that the presence 
of two methyl groups adjacent to the sulfur atom of the arenesulfinate 
ester considerably hinders attack upon that atom. In refluxing ethanol 
with added sodium acetate more than ninety per cent of isopropyl 
2-methylbenzenesulfinate is converted to the ethyl ester in 48 hours. 


In contrast, only five per cent reaction in 9l hours and ten per cent 





7 
‘ i 
{7.419 
i 
Ail 

‘ole: lie 

joa 

i) 

she iT 

, fis 

- d 


De Ot oT p 108; 
























Hite 
are haa 4) 


) 
ye n a. 
he : 


- f . © . 7 , a N , 4 
vv i« x iit? I th) bo ersyeo- — — 
bas UK e ¥ ra BOVE *i2 ™oAa copynonat vd tui 


_ 


ct ,besy etec6tob. ashe Saedg oABs Nam pe 
woled ie rect eu FEL oo bno2 


Se J 
vey a! 
- 
J 
aa a % a 
LEVI ba ) Pte 


7 » ae ae 
eee eo ae HOw + § 502th 





v 


: 7 1 





> 
ge 


s[o + H0R + ' RG .O2 Th ee Ok + 90 eth 


-y ene 
‘revise = HOM fas aa ete 


O02. ea 


fe 


H+ (GB amt gale 
| QOS. ’ 1h a: 


ye *" it ea = ie 
al e 


*H Gao 


fond. | 23174 ot ee 
ne 10 MOTs These aa 


wo es mp em beatin 


ve ip TE i) in 
, ls i 
hall PO. 
bné exon he 
a : 
. 


= 






7 i 
Po | 


-5l- 
reaction in 190 hours of isopropyl 2,6-dimethylbenzenesulfinate takes 
place under identical conditions (15). To diminish further the possibil- 
ity of sulfur-oxygen bond cleavage, 2,6-lutidine was used as the added 
base in most of the solvolyses. The presence of two methyl groups adja- 
cent to the nitrogen atom of 2,6-lutidine should make it a relatively 
poor nucleophile, decreasing the possibility of attack on the sulfur atom 
of the arenesulfinate ester (16). The use of 2,6-lutidine as the added 
base offers two other advantages. It is soluble in a variety of organic 
solvents as well as in mixed aqueous organic solvents. A mixture of 2,6- 
lutidine and 2,6-lutidinium ion forms a buffered solution which can be 
titrated in a manner similar to acetic acid in the presence of acetate ion. 
Noreyko (16) found that p-methoxyneophyl 2,6-dimethylbenzenesulfinate 
-1 


reacts with a rate constant of 6 x 107? SeC. in anhydrous ethanol at 90° 


in the presence of 2,6-lutidine, and 1.3 x tor" gee. in the presence of 


pyridine. When potassium acetate is the added base (ca. .05 M), under the 


same conditions a rate constant of ca. 8 x 107° sec.-! is obtained. The 
product of the above reaction in each case is ethyl 2,6-dimethylbenzene- 
sulfinate. 

One can rule out sulfur-oxygen bond cleavage in the reaction of 
2-phenyl-2—propyl 2,6-dimethylbenzenesulfinate on the basis of the 
following evidence. Reaction of p-methoxyneophyl 2,6-dimethyl benzene- 
sulfinate with ethoxide ion is about twice as fast as the reaction of 
isopropyl 2,6-dimethylbenzenesulfinate under comparable conditions (16). 
This would suggest that sulfur-oxygen bond cleavage should be slightly 
more favored in a primary than a secondary sulfinate ester. Since 


a tertiary alkoxide would be a poorer leaving group than a primary 


Or a secondary, sulfur-oxygen bond cleavage in a tertiary alkyl 
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-52- 
2,6-dimethylbenzenesulfinate should be no faster than with p-methoxy- 
neophyl 2,6-dimethylbenzenesulfinate. 2-Phenyl-2-propyl 2,6-dimethyl- 
benzenesulfinate is an aralkyl system and the phenyl group would be 
likely to speed up the reaction compared to a hydrogen. One could 
anticipate that the acceleration by the phenyl group would more than 
outweigh the rate retardation by the two methyl groups. Thus, sulfur- 
oxygen bond cleavage for 2-phenyl-2-propyl 2,6-dimethylbenzenesulfinate 
would be faster than with p-methoxyneophyl 2,6-dimethylbenzenesulfinate, 
and the above estimate may be a minimum estimate of the rate of sulfur- 
oxygen bond cleavage. The observed rate constant for the reaction of 
2-phenyl-2-propyl 2,6-dimethylbenzenesulfinate in anhydrous ethanol at 


=! on@-x 107 


90° in the presence of 2,6-lutidine is 2.2 x 107* sec. 
faster than the reaction of p-methoxyneophyl 2,6-dimethylbenzenesulfinate 
under the same conditions. 

An alternate model compound for sulfur-oxygen bond cleavage 
could be benzyl 2,6-dimethylbenzenesulfinate. The rate constant for 
this compound in anhydrous ethanol at 90° in the presence of 2,6-lutidine 


7 


is cae 2x 107’ sec. (63). The reaction of 2-phenyl-2-propyl 


2,6-dimethylbenzenesulfinate is 10° times faster than that of benzyl 
2,6-dimethylbenzenesulfinate under the same conditions. Since the two methyl 
groups in the 2-phenyl-2-propyl system would be expected to slow 

down the reaction, the above must be a maximum estimate for the rate of 
sulfur-oxygen bond cleavage in 2—phenyl-2-propyl 2,6-dimethylbenzene- 
sulfinate. Therefore by comparison of the rate of sulfur-oxygen bond 
cleavage in p-methoxyneophyl and benzyl 2,6-dimethylbenzenesulfinate, 


we have bracketed the process in 2-phenyl-2-propyl 2,6-dimethylbenzene- 


sulfinate. 
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If a base-catalyzed reaction were taking place, then an increase 
in the 2,6-lutidine concentration would be expected to give rise to 
increased rate of reaction. Instead, tripling of the 2,6-lutidine 
concentration results in a very small rate depression. Thus base 
catalysis is considered to be of negligible importance in these reactions. 

Similar conclusions can be derived by examination of the reaction 
products. The expected products from sulfur-oxygen bond cleavage in 
ethanol would be ethyl 2,6-dimethylbenzenesulfinate and 2 —phenyl-2- 
propanol, and no change in acid titer should take place. Solvolysis of 
the arenesulfinate ester in ethanol yields 2-phenylpropene, 2-phenyl-2- 
propyl ethyl ether and 2-phenyl-2-propyl 2,6-dimethylphenyl sulfone. 

The formation of olefin and ether is accompanied by the production of 
2,6-dimethylbenzenesulfinic acid. The above products could not be 
formed by sulfur-oxygen bond cleavage but must be the result of carbon- 
oxygen bond cleavage. Therefore, on the basis of both kinetic data and 
the results of product isolation, sulfur-oxygen cleavage is insignifi- 
cant in the solvolysis of the arenesulfinate ester in ethanol. 

Bunton and Hendry (44) have shown that under initially neutral 
conditions the reaction of benzhydryl 4-methylbenzenesulfinate is auto- 
catalytic due to acid produced in the solvolysis of the arenesulfinate 
ester. Under our experimental conditions 2,6-lutidine is present, and 
autocatalysis is not observed in the solvolysis of the arenesulfinate 
ester. Further, addition of 2,6-dimethylbenzenesulfinic acid (with 
excess 2,6-lutidine) at the start of the reaction gave rise only toa 


Slight increase in rate, "b" = 6-1, which is of the order expected for 


a normal salt effect (24). 
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The above line of reasoning holds equally well for the reaction in 
80% ethanol. In this solvent there is about 9% 2-phenyl-2-propanol 
formed, which could arise by either carbon-oxygen or sul fur-oxygen 
bond cleavage. If the 2-phenyl-2-propanol were formed by sulfur-oxygen 
bond cleavage, attack on the arenesulfinate ester would have to be 
carried out by water or ethanol as illustrated. 

Ar.SO.OR + HOH -——®» Ar.SO.OH + ROH 
or 

Ar-SO.OR + EtOH ~——— > Ar.SO.OEt + ROH 

Ar.SO.OEt + HOH ——* Ar.SO.OH + EtOH 

p-Methoxyneophyl 2,6-dimethylbenzenesulfinate 

has a rate constant of 7.2 x 107° sec.) in 60% ethanol and 6 x 107? 
sec. ! in anhydrous ethanol at 90° in the presence of 2,6-lutidine(16). 
Therefore, the rate of sulfur-oxygen bond cleavage in 80% ethanol should 
be no faster than 7.2 x 1078 sec.71. The rate constant for 2-phenyl-2- 
propyl 2,6-dimethylbenzenesulfinate measured in 80% ethanol at 90° is 
2a x ase Sein we a x 10° faster than that found for p-methoxyneophyl 
2,6-dimethylbenzenesulfinate in 60% ethanol. Ethyl 2,6-dimethylbenzene- 
sulfinate was not detected in the products from the reaction. Therefore 
the 2-phenyl-2-propanol must have been formed by carbon-oxygen bond 
cleavage, and sulfur-oxygen bond cleavage is also unimportant in solvoly- 
sis of the arenesulfinate ester in 80% ethanol. 

There are no data available on sulfur-oxygen bond cleavage of 
arenesulfinate esters in aqueous dioxane in the presence of weak bases. 
Sulfur-oxygen bond cleavage in the presence of 2,6-lutidine is speeded 


up by aqueous solvents (16). In the absence of a better comparison, we 
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-55=- 
may assume that the rate of sulfur-oxygen bond cleavage in 80 and 90% 
dioxane should be about the same as that found in 60% ethanol for 
p-methoxyneophyl 2,6-dimethylbenzenesulfinate, since 80 and 90% dioxane 
are poorer ionizing solvents than 60% ethanol (51). The observed rate 
constants of 1.7 x 10° and 2 x oc eer? in 80 and 90% dioxane in 
the presence of 2,6-lutidine at 90°, are 2350 and 280 times that found 
in 60% ethanol for p-methoxyneophyl 2,6-dimethylbenzenesulfinate. 
Therefore sulfur-oxygen bond cleavage is unlikely to be of significance 
in the reaction of 2-phenyl-2-propyl 2,6-dimethylbenzenesulfinate in 
aqueous dioxane. 

Since doubling of the added 2,6-lutidine concentration results 
only in a very small rate depression, a base-catalyzed reaction cannot 
be taking place. Autocatalysis due to acid produced is not observed 
in the reactions of the arenesulfinate ester in aqueous dioxane, there- 
fore, an acid-catalyzed reaction is unlikely as well. 

Thus the process being measured in these four solvents is the 
carbon-oxygen bond fission of the arenesulfinate ester. It 1s apparent 
that concurrent solvolysis and rearrangement takes place in each of the 
above mentioned solvents. 

In the acetolysis of 2-phenyl-2-propyl 2,6-dimethylbenzenesulfinate 
the observed rate is independent of the concentration of the added 
sodium acetate. On this basis a base-catalyzed reaction of the arene- 
sulfinate ester is ruled out. The effect of added 2,6-dimethylbenzene- 
Sulfinic acid could not be studied due to its decomposition which 
results in the formation of sulfonic acid and thiolsulfonate. 


In general, solvolyses in anhydrous acetic acid and anhydrous 
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Fike 
ethanol proceed at nearly the same rate. For example, X&-phenylethyl 
chloride solvolyzes ca. twice as fast at 50° in anhydrous ethanol as in 
anhydrous acetic acid (37). p-Methoxyneophyl | p-toluenesulfonate reacts 
2.8 times faster in anhydrous acetic acid than in anhydrous ethanol (45). 
In contrast, reaction of 2-phenyl-2-propyl 2,6-dimethylbenzenesulfinate 
in acetic acid is 25 times faster at 909, 33 times faster at 70° and 
35 times faster at 25° than in anhydrous ethanol. Benzhydryl 2,6-dimethyl- 
benzenesulfinate solvolyzes in acetic acid at 90° forty times faster 
than in anhydrous ethanol at the same temperature (46). In the 
acetolysis of p-chlorobenzhydryl chloride considerable ion pair return 
takes place, thus racemization is faster than acetolysis by factors of 
ca. 30-70 (47). Winstein, Fainberg and Grunwald (48) have suggested 
that in the acetolysis of benzhydryl chloride, the ionization rate is 
at least 10 times the titrimetric rate, while in the acetolysis of the 
corresponding bromide the ionization rate is 15-20 times the titrimetric 
rate. Thus the apparently enhanced rate of acetolysis of the arene- 
sulfinate ester may only reflect a slower than normal rate observed 
with the chlorides. 

Darwish and McLaren (46) have proposed that specific solvation 
of the 2,6-dimethylbenzenesulfinate leaving group may be responsible 
for a portion of the increased rate of reaction. Specific solvation of 
the leaving fluoride group has been suggested in the solvolysis of 
benzhydryl fluoride (48). Acetolysis of this compound is about 10° times 
faster than reaction in anhydrous ethanol. A major portion of the 
rate enhancement observed with benzhydryl fluoride is most likely due to 


hydrogen bonding between the leaving fluoride group and the solvent (48). 
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A further indication of strong interaction between fluoride and a proton 
donor in solvolysis, is the autocatalysis observed in the solvolyses 
of substituted benzyl fluorides (49). Autocatalysis has not been 
noted in the reactions of the corresponding chlorides and bromides. 
Catalysis by strong acids is noted in the solvolysis of substituted 
benzyl fluorides. In a similar manner, strong acids accelerate the 
solvolysis of sulfinate esters (44). The observations of sulfone 
formation, relatively fast rate of reaction and an accelerated rate of 
reaction in acetic acid compared to ethanol, suggest that carbon- 
oxygen bond cleavage must be taking place. In all cases solvolysis 
arises by carbon-oxygen bond cleavage and must involve carbonium ion 
Species of some type. 

Sulfone formation could take place by three distinct reaction 
paths which are: (i) a concerted cyclic rearrangement not involving 
ionic species, (ii) ion pair return, (iii) recombination of dissociated 
ions. 

Two of the possible modes of sulfone formation involve ionic 
species, while one does not. A clear distinction between these processes 
can be made by an examination of the changes in the rate of reaction on 
changing the ionizing power of the solvent. In the two ionic processes 
an increase in the ionizing power of the solvent is expected to be 
reflected by an increased rate of reaction. A concerted cyclic rearrange- 
ment not involving ionic species would be insensitive to changes in the 
Bes pone: of the solvent. A suitable model for the ionization of 
2-phenyl-2-propyl 2,6-dimethylbenzenesulfinate would be the corresponding 


chloride. Unfortunately, there are only data available on the rate of 
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reaction of 2-phenyl-2-propyl chloride in 90% acetone, and none in those 
solvents in which the arenesulfinate ester was solvolyzed. An alterna- 
tive model for the ionization of the 2-phenyl-2-propyl 2,6-dimethylbenzene- 
sulfinate would be &-phenylethyl chloride. However, ion pair return may 
be taking place in the reactions of C{-phenylethyl chloride and the extent 
of return may vary from solvent to solvent. Therefore, changes in solvoly- 
sis rate may not be accurately reflected by changes of the ionization rate. 
Reaction of the above chloride is 45 times faster at 25° and 35 times faster 
at 50° in 80% ethanol than in anhydrous ethanol (50). The solvolysis of p- 
methoxyneophyl p-toluenesulfonate has been suggested as a model to be used 
in rearranging systems. The above compound solvolyzes 7.8 times faster at 
25° and 6.2 times faster at 50° in 80% ethanol than in anhydrous ethanol 
(45). In comparison, reaction of 2-phenyl-2-propyl 2,6-dimethylbenzenesul fi- 
nate is 6.5 times faster at 70° and 9 times faster at 90° in 80% ethanol 
than in anhydrous ethanol. The plot of log k's of 2-phenyl-2-propyl 2,6- 
dimethylbenzenesulfinate disappearance, solvolysis and sulfone formation 
against the log of the rate constant of O-phenylethyl chloride and p- 
methoxyneophyl p-toluenesulfonate in a number of solvents is given in 
Figures VIII and IX, and the data are also tabulated in Table XIII. The 
slopes of the lines of log k's of ester disappearance, solvolysis and 
sulfone formation against log kgojy, of &X-phenylethyl chloride are 

71, -70 and .77, while against log k,ojy, of p-methoxyneophyl p-toluene- 
sulfonate they are 1.07, 1.10 and 1.19 respectively, It is apparent that 
the rates of both solvolysis and sulfone formation reflect a similar 
sensitivity to ionizing power of the solvent. (In both plots the point 

for acetolysis is out of line, i.e., reaction is ga. 100 and 10 times 
faster than expected.) The linear relationship between log k's in 


the present system and those of Q-phenylethy1 and p-methoxyneophyl 
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-59- 
very strongly suggests a pathway involving ionization to be the princi- 
pal route of reaction for 2-phenyl-2-propyl 2,6-dimethylbenzenesulfinate. 
The almost parallel lines obtained for ester disappearance, solvolysis 
and sulfone formation indicate that both solvolysis products and sulfone 
are affected almost to the same extent by changes in the ionizing power 
of the solvent. An increase in the ionizing power of the solvent 
increases the rate of reaction and the amount of rearrangement product, 
sulfone, formed. These results indicate that the transition states for 
both solvolysis and rearrangement must be very similar. Since the 
structure of the transition state for solvolysis must be close to that of 
the carbonium ion, the transition state for the rearrangement must also 
be close to that of the carbonium ion. Hence, we will consider both 
Species as produced by a carbonium ion reaction. 


It is noteworthy that in the plots of log k and log k 


SOV. rear. 


for the arenesulfinate ester against log k,,),,, for &-phenylethyl 
chloride or p-methoxyneophyl p-toluenesulfonate (Figures VIII and IX), 
the point for acetolysis is off the line by the same amount for both 
solvolysis and rearrangement. Therefore, both solvolysis and rearrange- 
ment are affected to the same extent in acetolysis. Thus, whatever the 
detailed explanation for the deviation of the acetolysis point from the 
lines may be, both solvolysis and rearrangement deviate by the same 
amount. Therefore, the apparent discrepancy of the acetolysis point 
indicates a very similar transition state for solvolysis and rearrange- 
ment and both proceed by carbonium ion processes. 

An examination of substituent effects also provides valuable 


information on the type of reaction taking place. In anhydrous ethanol 
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O = kester disappearance’ Slope= 0.71 


log k 2.phenyl-2=propyl 2,6-dimethylbenzenesulfinate 


[_]- Ksulfone formation} Slope= 0.77 
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log k y_phenylethyl chloride 
FIGURE VIII 





Relationship between log k's for ester disappearance, solvolysis and sulfone 


formation for 2-Phenyl-2-propyl 2,6-dimethylbenzenesulfinate (90.0°) against 


the log k,,)y, for -Phenylethyl chloride (25.0°). 
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2-phenyl-2-propyl 2, 6—dimethylbenzenesulfinate 





ad 
Ly (o> Kester disappearance? Slope=1.07 
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log k p=-methoxyneophyl p=toluenesulfonate 
FIGURE IX 


Relationship between log k's for ester disappearance, solvolysis and sulfone 
formation for 2=Phenyl-2-propyl 2,6—dimethylbenzenesulfinate (90.0°) against 


the log k,.1,, for p-Methoxyneophyl p-~toluenesulfonate (250°). 
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at 25° in the presence of 2,6-lutidine 2-p-methoxyphenyl-2-propyl 
2,6-dimethylbenzenesulfinate reacts 17,000 times faster than 2-pheny1l-2- 
propyl 2,6-dimethylbenzenesulfinate. (Data from Chapter II.) This 
is of the order expected for an ionization reaction, as 2-p-methoxy- 
phenyl-2-propyl chloride solvolyzes 3300 times faster than 2-phenyl-2- 
propyl chloride in 90% acetone at 25° (26). The effects of both solvents 
and substituents on the rate of reaction clearly indicate that sulfone 
formation takes place by an ionic type mechanism (either by ion pair 
return, Or recombination of dissociated ions) and not by a concerted 
cyclic non-ionizing rearrangement. 

The fraction of sulfone formed within any run was constant. 
Addition of 2,6-dimethylbenzenesulfinate ion does not give rise to 
common ion rate depression. If sulfone were formed from free ions, 
the rate of sulfone formation from the carbonium ion would be a second- 
Order process, while the rate of solvolysis is a pseudo first-order 
reaction. Added 2,6-dimethylbenzenesulfinate ion would be expected 
to compete with the solvent for the intermediate carbonium ion, result- 
ing in an increased amount of sulfone, and decreased amounts of solvoly- 
sis products formed. Addition of 2,6-dimethylbenzenesulfinate ion has 
no effect on the ratio of solvolysis to rearrangement products formed 
Therefore, sulfone formation does not arise from dissociated ions. 

Exchange experiments also give evidence for sulfone arising via 
an intramolecular pathway. Solvolysis of 2-phenyl-2-propyl bromide in 
the presence of 2,6-dimethylbenzenesulfinate ion in anhydrous ethanol 
gives rise to a maximum of 0.65% 2-phenyl-2-propyl 2,6-dimethylphenyl 


sulfone, which is equivalent to 7.5% of the sulfone formed in any of the 
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kinetic runs. 2-Phenyl-2-propyl bromide on ionization should give rise 

to the same cation as 2-phenyl-2-propyl 2,6-dimethylbenzenesulfinate. 

If the ionization of the two species gave the same relative amounts of 

ion pairs and free ions, and sulfone is produced exclusively from free ions 
the same amount of sulfone should result from each. Since 2-phenyl-2- 
propyl bromide gives a maximum of 0.65% sulfone, these results indicate 
that sulfone does not arise from dissociated ions. 

When solvolysis of 2-phenyl-2-propyl 2,6-dimethylbenzenesul finate 
is carried out in the presence of tetrabutylammonium 2-methylbenzene- 
sulfinate, the sulfone formed is exclusively 2-phenyl-2-propyl 2,6-dimethyl- 
phenyl sulfone. If a significant amount of exchange between the ion pair 
Species and tetrabutylammonium 4-methylbenzenesulfinate had taken place, 
2-phenyl-2-propyl 4-methylphenyl sulfone should have been formed. Since 
neither common ion rate depression nor exchange is observed, sulfone 
formation must occur by ion pair return (4). 

Turning to an examination of salt effects, addition of both 
lithium perchlorate and tetrabutylammonium perchlorate in ethanol gives 
rise to a linear increase in rate, known as a normal salt effect. Since 
neither the rate of formation, nor the yield of sulfone is affected by 
the addition of these salts, they have little, if any, effect on ion pair 
return. 

We next proceeded to evaluate the effect of a number of nucleo- 
philes on the rate of PoPatisH and the yield of sulfone. 

Ar.SO.OR + Bun freepalies Ar. S05 NBu +  RBr 
If exchange took place between the arenesulfinate ester and tetrabutyl- 


ammonium bromide, 2—phenyl-2-propyl bromide would be expected to be 
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formed. It has been shown that solvolysis of 2-phenyl-2-propyl bromide 
in the presence of 2,6-dimethylbenzenesulfinate ion gives rise to a 
negligible amount of sulfone. Thus, if exchange had taken place, 
lower amounts of sulfone would be expected to be formed in solvolysis 
of the ester in the presence of tetrabutylammonium bromide. Since the 
same amount of sulfone is formed both in the presence and absence of 
tetrabutylammonium bromide within experimental error, no exchange could 
have taken place between the arenesulfinate ester and tetrabutyl ammonium 
bromide. 

Erratic and non-reproducible titers were obtained in the solvoly- 
Sis of the ester in ethanol in the presence of added potassium thiocyanate. 
However, the usual amount of sulfone was formed and no absorption due 
to either 2-phenyl-2-propyl thiocyanate or 2-phenyl-2-propyl isothio- 
cyanate was detected in the infrared between 3000 and 2000 cm. t, Thus, 
exchange has not been detected with either bromide or thiocyanate in 
ethanol solution. 

Solvolysis of 2-phenyl-2-propyl 2,6-dimethylbenzenesulfinate 
in anhydrous ethanol in the presence of tetrabutylammonium azide gave 
rise to lower infinity titers and lesser amounts of sulfone than in the 
absence of added salt. On varying the concentration of the added 
quaternary azide, a maximum of 25% 2-phenyl-2-propyl azide was obtained. 
These results are discussed in detail in Chapter II. 

It has been shown that an increase in the ionizing power of the 
solvent increases the rate of reaction and the amount of 2-phenyl-2- 
propyl 2,6-dimethylphenyl sulfone formed. The increase in the yield 


of sulfone upon increasing the ionizing power of the solvent could be due 





® 
= 











al 


| Sab ed bives thevloe gl 


















oh (O44 ' ty¥.qQo 7 q-S-lyaefa- =8 lo sovindo to m 2 need 2 : 


fad peal 
: ; % ; a) ~ 
& Gf seit sevio act asenbt huepnesneg to eon 


e . - 
sapio nedad bed spvedoxe th eaudh senotiue 30u 


jaylovice al bemrot 9d os bane ereee ae snot ine 26 'o ataud 


iis 7 : 

si+ soni2 «.ebimovd mul! omme Ly Ue a his soaseena, ert k Tt as 
a ate 

nia 5 MiSEStC anit ot Ared, bamrol at sativa t0, 


O{Wo> SONBAONe ON o49139 Lednentyagxs: bes im abisord mtnona 


mifnoamelyuds129) SS sass or6nt Asn ye: ot. neantad saete aie 

| " +e » 
| : 
saat 


a") : 


- “me 


ay J OV oO sr3 ni hei a re 3 Tayi axes ta sidtouborgex=n0n sale atte 





~stensyooris mleesteq bebe t6 <ontemaal ad Lonedte nt 1 reftes hae 


dd 
, oe 


sub obtgqroede on ons bemots 2ewsne 7 ive Te NE hie 
i - ‘unl ee of 
-ofdto2t. lygodg=S=lynsnges pores neyodids iyqonq~Sash ne war eni ie 


— 


suet .'".00 OOS bas 0005. nsewied beapmenhara AL wasonia abw 


eee 
j 


5 : 
w< 


4i sjanevootn? +0 sbinerd ashite ag te besnetes ased 3 8 1. spagd: 
| x aa oe 
FF ee i = v4 my i " 


Ane i 7 
i 7, ii. 
iY et > - Py. ae aye tee 
stenttlo onosnaiycisalh aaa ; oe A iN 
* : io r ; 
even sbissh muipomelyiudersst to, sonaze not j ats) 


et 











aff ni ned’ snotlue io 2TVone;-qageahot 
i 
abhe erly Yo anolisssn4or 4 ent TiVtEV- 
bebbe shy tO aol ei eosonOg ant): ORNs 2. 
-bhanisido @sw sbiss Lyoorg-£ “soda xe bo 0 mid 
ve 
a fol . 
~S-~Lynsda-f to mmdoms ws sn 
a 
bir ey eat ni szesront gt 


7 Bie 


, -T) etqena hive Ad 
mre . 
afi} 26. tswoo pifsinai eat ab a int 






D 
«| 


7 ie 


ahbe 

to further dissociation of ion pairs once they are formed, or it could 
arise by an additional mode of formation involving free arenesulfinate 
ion. The increased yields of sulfone upon increasing the lonizing 
power of the solvent could also be due to variations of the nucleo- 
philicity of the solvents, All of the above results are consistent with 
ion pairs as intermediates for sulfone formation. 

Finally, one may consider certain observations on the stability 
of 2,6-dimethylbenzenesulfinic acid in anhydrous ethanol in the presence 
of tetrabutylammonium bromide and 2,6-lutidine. 

The titer of 2,6-dimethylbenzenesulfinic acid (.02 M) in 
the presence of 2,6-lutidine and tetrabutylammonium bromide (.036 M) 
in anhydrous ethanol at 90° decreased significantly (Table LI). In the 
time corresponding to ten half-lives of the arenesulfinate ester 7.5 
per cent, and in the time corresponding to twenty half-lives of the 
arenesulfinate ester 13.5 per cent decrease of the initial acid titer 
was observed, and ethyl 2,6-dimethylbenzenesulfinate was formed. This 
reaction has not been extensively investigated, but the acid titer 
seems to approach a constant value. The following mechanism is consis- 
tent with the experimental observations: 

Ar.SO.OH + HBr == = Ar.SO.Br + H90 

Ar.SO.Br + EtOH T= = Ar.SO.OEt + HBr 

The formation of small amounts of ethyl 2,6-dimethylbenzene- 
sulfinate (from esterification of the acid produced) could not be 
demonstrated in the solvolysis of the arenesulfinate ester as both 


2-phenylpropene and the ethyl ester show absorption in the infrared 


in the vicinity of 900 eth es The rate constants measured by titrimetry 
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showed a slight upward drift, while those measured by infrared spectro- 
photometry were constant. When corrections were applied (from appropriate 
control runs) for the disappearance of 2,6-dimethylbenzenesulfinic acid 

by the formation of ethyl 2,6-dimethylbenzenesulfinate, good agreement 

was noted between rate constants measured by titrimetry and infrared 


spectrophotometry. 
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CHAPTER II 


THE REACTIONS OF PARA-SUBSTITUTED 2-PHENYL-2-PROPYL 2,6-DIME THYLBEN ZENE 


SULFINATES 
INTRODUCTION 


From a study of solvent effects we have shown that both solvolysis 
and sulfone arise from ionic intermediates. To gain further information 
on the mechanism of the reaction, a study of substituent effects was 
started. Accordingly, we have synthesized the 2,6-dimethylbenzene- 
sulfinate of 2-p-tolyl-2-propanol, 2-p-bromophenyl-2-propanol, 2-p-methoxy- 
phenyl-2-propanol and 2-p-nitrophenyl-2-propanol. Reaction of these 
arenesulfinate esters was studied in ethanol and a number of other 
solvents. The effect of added salts was evaluated, most of the work being 
done on 2=p-methoxyphenyl-2-propyl 2,6-dimethylbenzenesulfinate. The 
results of product isolation of the various arenesulfinate esters in 
anhydrous ethanol are given, with the exception of 2-p-nitrophenyl-2- 
propyl 2,6-dimethylbenzenesulfinate. A correlation between the rates 
observed and the modified Hammett relationship pa * has been also found. 

A discussion of sulfone formation in various arenesulfinate esters is 


given. 


RESULTS 


Preparations 


The reaction between p-bromoacetophenone and methylmagnesium 


iodide resulted in the formation of 2-p-bromophenyl-2-propanol. Ina 
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Similar manner, 2-p-tolyl-2-propanol and 3-phenyl-3-pentanol were 
prepared. The treatment of p-methoxyacetophenone with methylmagnesium 
iodide did not yield significant amounts of 2-p-methoxyphenyl-2-propanol. 
The latter compound was prepared by the reaction between p-methoxyphenyl- 
magnesium bromide and acetone. Nitration of 2-phenylpropane resulted in 
a mixture of 2-(p-nitrophenyl)propane and 2-(o-nitrophenyl )propane. 
Oxidation of this material by the method of Kwart (55), using chromic 
acid in a mixture of acetic acid and acetic anhydride, followed by 
chromatography on alumina, yielded the desired 2-p-nitrophenyl-2- 
propanol. Some of the pertinent physical properties of these alcohols 
are listed in Table XIV, while their n.m.r. spectra are summarized in 
Table XV. Unless otherwise specified, in the tabulation of n.m.r. 
spectra the relative integrated areas of a compound agree with the 
theoretical values. 

Treatment of 2—p-bromophenyl-2-propanol with phosphoric acid 
overnight at 90° gave rise to 2-p-bromophenylpropene. In an analogous 
manner, 2—p-tolyl-2-propanol afforded 2-p-tolylpropene. Treatment of 
2-p-methoxyphenyl-2-propanol with sulfuric acid for three minutes on 
the steam bath yielded after purification 2-p-methoxyphenylpropene. 

Treatment of the above mentioned alcohols with anhydrous ethanol 
in the presence of catalytic amounts of sulfuric acid yielded the 
respective ethyl ethers. The physical properties of the olefins and 
ethyl ethers prepared are listed in Table XVI, while their nem.r-. 
spectra are summarized in Tables XVII and XVIII. 

Treatment of 2-p-bromophenyl-2-propanol with 2,6-dimethylbenzene- 


sulfinic acid in formic acid containing sodium formate, gave rise to 
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2-p-bromophenyl-2-propyl 2,6-dimethylphenyl sulfone. In a similar 
manner, 2,6-dimethylphenyl sulfones were prepared from 2-p-tolyl-2- 
propanol and 2-p-methoxyphenyl-2-propanol. Treatment of p-toluene- 
sulfinic acid in formic acid with 2-phenyl-2-propanol and 2-p-methoxy- 
phenyl-2-propanol respectively, gave rise to the corresponding sulfones. 
Attempts to prepare 2-p-nitrophenyl-2-propyl 2,6-dimethylphenyl sulfone 
were unsuccessful. Longer reaction times, or reaction at elevated 
temperatures in the presence and absence of mineral acids yielded only 


2,6-dimethylphenyl 2,6-dimethylbenzene thiolsulfonate. 


TABLE XV 


SUMMARY OF THE NUCLEAR MAGNETIC RESONANCE SPECTRA OF SOME 2—ARYL-2- 
PROPANOLS (CARBON DISULFIDE) 


de a,b LEST 
Ar-H gem-dimethyl-H Hydroxyl 


Compound 


2-Phenyl-2-propanol 3.0 (m) 8.65(s) Orvol se) 
2-p-Bromopheny1-2-propanol 3.0 (m) 8.65(s) 6.75(s) 
2-p-Tolyl-2-propanol 3.0(q) 3.05 8) 6.75(s) 7.808) 
p-methyl 
2-p-Methoxyphenyl-2-propanol©® 3.1(m) 6.05128) fal Se, Sales 


p-methoxy 


2-p-Nitrophenyl-2-propanol 2.4(m) B.00( 8) 8.63(s) 


“Chemical shifts are recorded in p.p.m. on the y “scale. 


Dwhere Ss = singlet, d= doublet, t = triplet, q = quartet, m = multiplet. 


“In carbon tetrachloride. 


All of the arenesulfinate esters were prepared by the same 


procedure as used for the preparation of 2-phenyl-2-propyl 2,6-dimethyi- 
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=79-{ 
benzenesulfinate (Chapter I, pagel¢+). The physical properties of the 
arenesulfinate esters and sulfones are listed in Table XIX, while the 
summary of their n.m.r. spectra appears in Table XX. 

When a sample of 2-p-methoxyphenyl-2-propanol (which according to 
its nem.er. spectrum contained ca. 15% of an impurity, possibly 
methoxybenzene) was treated with anhydrous hydrogen bromide in methylene 
chloride solution, after purification 2-p-methoxyphenyl-2-propyl 
bromide was isolated. Volhard titration gave a molecular weight of 266 
which corresponds to 85.9% purity based on a calculated molecular 
weight of 229.1. The n.m.r. spectrum (carbon tetrachloride) of the 
material showed a multiplet at 2.959 and singlets at 6.38 and 7.927 
in the ratio of 4.2:3.6:6.0. The multiplet at low field is due to the 
four aromatic protons, the singlet at high field due to the six methyl 
protons, while the remaining singlet is assigned to the p-methoxy group. 
Since neither in the infrared nor in the n.m.r. spectra is there a signal 
due to a hydroxyl group, the slight excess of aromatic and p-methoxy 
protons may be ascribed to an impurity which is relatively inert under 
the reaction conditions, possibly methoxybenzene. 

Reaction of the bromide thus obtained with sodium azide in 
aqueous acetone, gave rise to a mixture containing 2-p-methoxy- 
phenyl-2-propyl azide, olefin and alcohol. Distillation at reduced 
pressure removed most of the 2-p-methoxyphenylpropene. When the residue 
from distillation was chromatographed on alumina the required 2-p-methoxy- 
phenyl-2-propyl azide was isolated. The infrared spectrum (carbon 
tetrachloride) of the material showed intense absorption at 2100 cm. 71, 


characteristic of azides £25}; and no absorption in the vicinity of 875 
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TABLE XVII 


SUMMARY OF THE NUCLEAR MAGNETIC RESONANCE SPECTRA OF OLEFINS (CARBON 


TETRACHLORIDE) 
(aoe 
fate EN 
Compound aro-H Olefinic-H Me thy1-H 
2-Phenylpropene? 2.7(m) 4.76, 5.00(m) 8.00(d) 
2-p-Bromophenyl- 
propene Pile 4000, 4,°95(m) 7.90(d) 
2-ptolylpropene 2.9(m) 4.75, 5.10(m) 7.95(d) 7.75(s) p-methyl 


2-p-Methoxyphenyl- . 
propene BrCl) “4280; 5. 10(m) 7,.95(d) 6.35(s) p-methoxy 


“Chemical shifts are recorded in p.p.m. on the J scale. 
Neat. 


cm.~- que to olefin. The n.m.r. spectrum (carbon tetrachloride) 
exhibited a multiplet at 3.09 and two singlets at 6.32 and 8.489 in 
the ratio of 4:3:6. These signals are assigned to the four aromatic, 


three methoxy and six methyl protons respectively. 
Kinetics 


2-p-Bromophenyl-2-propyl 2,6-dimethylbenzenesulfinate 


2-p-Bromophenyl-2-propyl 2,6-dimethylbenzenesulfinate was allowed 
to react in 80% dioxane at 90° and in anhydrous ethanol at 70° and 90° 
in the presence of added 2,6-lutidine. Sample rate runs are given in 
Tables LXXIV, and LXXV , while a summary of the rates measured 


appears in Table XxXI. 





















1avK dg 


yOaRaoy 2WitI0 FO ARPOATe: sommes 
(sO 


eon = Se 


nk ld B-okntas 10 
tnlO0.8 av .8 


i oe 
th )oe.% (imjCCaP Ra (ass 
dd aateg (280.0 - ()eeet . (OL? igh « 


v = . 
f : 7 
=. 
. 7. a s, 
” =<] a ef «@ ‘ wjelcs 708 8 (ajo 
- Ri 
——— sna en nn ae 


tsbe B att ny ~itiegh q WE “bebrebomir ore ed ! 
Y iy i 
5 o . nl 
(ehiqalfdosgie: tadcves) murISege, athe oat snitete vf 
rr ia 
LHS.5 bit SEG 46 etelonie owt Rage a oe ‘jolgtsium 


ies LS we c » o 
y no = 
remo7e pei sf of Hanpize6 yh aii sosdt + foc ot: 
- ; a a ee ye a. 





.wigvlt \agaon snoseag Lyte xte 
k 3 


7 p 
ie - 
7 


| - 4 
bi ipe anstngd f ee MDP ee LY XS 





hewoile aew Soap ftivesnéar a Oy! 
‘i é 
AG ant i col’ . Awe ary 0 
O2 one “OL 75) goneHS S et i 1 SOB 
a 7 
mi Wave i) 326 Gis ed 6 ce aah 
, 


betuzaon ashen off? io. {ete an 





*eTBos S ey} uo *ueded ut papioder ere sqyTys TeoTmeyD (*) 
eR ee Ee ee ae ee ee 
tAxoyyzeu-—d 
(8) zE°95(4) 26° (6) g8°9 (8) 96°38 (m) o0°€ 
TAqzeu=d 


(S) OL°4*(4) 06°8 





~75= 


areyq3e Téy3e TéAdord=—2—-TAuey déxou4ey—d—z 


(6) Se°9 (8) 9S°3 (m) Sgrz seyye TAqAe TAdord=z-T LTO -d-z 

(3) 06°38 (6) Sg*9 (Ss) 66° (u) S9°z zey3° TAyWe Tédoird=z—TAueydouoig—d—z 

(3) 06°8 (6) see9 (8) SS°g (mW) OL°2 zeqqe TAYQe TAdord=z—TAUSYg-z 
| "Ho zeq3a Ho zeuag H TAqqeutp-HieE 


; H °F}em02y 
(B) ts 





punoduo) 





TIIAX ATV 


(HQLUOTHOVELAL NOGUVD) SUFHLA HLA JO VULOUdS FONVNOSTY OILANDWW UVATONN AHL dO AUVWWAS 


: _ . a ai a 7 ~ ; 
~~ = Pda deuce Sel 


- 








00.8 @) 28.9 (a) 22.8 





a = =e 


a al 
080 | ' aiken 





iyisomg ; : 


(a) SEsSeK) S28 (p) BBD «wd SRS «se ODE «alto: yds dqqorgealy 








Iiyxodtemg - 
eS SS SS ee ee —=__ a 
~ofsoe < add mo sa.qeqg at bebtoset ote atte Isstaedd (es) ~ 





(9T) 09° S7=E°L7 edem pezsodey 





$°69-0°S9 
SETT Oc7T-6°e7 
S7TL 
(0) S71 6° 67—S° 87 
SIT 0*70T-S*E0T 
ZOET O° Te1T-C*0cl 
099 *SOET 0*80T-S*LOT 
SEIT 0°85-0°LS 
BOET O°O7T"S*6ET 
O€TT 0°SS=S°TS 
‘d SO0ET 0°67T"L°87T 
ScLt S*98"S°S8 
(a ee OTET e°L7T-S°9O7T 
(2) 80ET O°EST—S*ZST 
O€TT 0°€8-S*°zg 
‘qutog BUT4IT 


—eifuy SutTAyTquepr Yo 








(2) (€Z) oS7T-77T *dem peqszodey (q) —- 7t09 ur (8) 
; eqeuTJTnseus zueqT AqzeuTp~~9 2 {Aqued—¢~-TAuey a= 
ezyeuTJ[NseuezuseqTAy{ZouT p=$g*z TAzueg 
eyBuTsJ[nssus zueq tT Ayyout p-g fz TAdordosy 
oyeuTsJ[nseuszueqTAyyeuTp—9 ‘ze TANI 
e7zeuTs[nseuezueqTAyyoutp—9*z TAdoid-z—TAusydo14 ty-d-z 
euojtns [TAusydtéuyeu-7 [Adoid=-z=-TAusydfxouyay—d—z 
euostns [TAueydtAqyzouT p-g‘z [TAdoid=z-TAusy dhxoy4ay=d=z 
e7eUuTJ [NseuezueqTAyyouTp—9 ‘2 [Adoid-z-TAusydkxouyoy-d-z 
esuojtns TAueydTAy{oeutp—-9*z [TAdoid=z-T Loy —d-z 
eyeuTjTnseuszuseqTAyyoemt p-9*z TAdord=z=-TATol -d-z 

suostns ~TAusydTAyZemtp—-9*z [TAdord-z-TAueydouoig=d=z 
eyeuTs[nsouezueqTAqyout p—g ‘ez TAdord=¢-TAusydomoig—d—z 
euojtns [suseydyTAqyeu-7 TAdoid=z=-TAusyg=z 

euojtns TAuseydtAqyeutp-9*z TAdord=z-TAUeyg=z 


ozyeuTI [nseuse zuseqTAqzoutp-9*z TAdord=g—TAueyg-z 


SUNOMTAS GNV SYALSH ALVNIATAS 40 SHLLYAdOUd TVSISAHd 


XIX FTAVL 





= - “cy 
. a ew) iat oe 
at O — = = —_ 





6.54-2.L2 





= O.O.Lm8 60S 
z Gil =i BRHO. TE 
: O89 .0eL ©, 805-8. OL 
: seer O.iS1-0,085 
| Sil OQ. j0F-2.€01 
(darce BoP hateB) 
ats 
effi Os ddnO.Ed 
2OL 208-0. 89 





ee le ee ee eee 


si aay ae 


=. > c a wa 2 _ ¢ 
teuntiivisinnantes hci 


tenn ionaonaedt sions 3 SxqotsS | 
exctina Syneiqhyiseulkb-3.S fygote-S= Le 

ageti:cs Iyparighyites—) Iygorq-S=Lyp 

staat tisssnsanodivddseth-3,o Lygorqe<igiedty oe a - 
9 tant? fuecnossedi yiteath-3 <5 iyi | ; 

etanttivessesnediziiontt-3,$ yao <qost 
ofesitinsesesuedivdieskh-d.5 Lyaned 


ateaitinnanssmedl wiseath<-d.S Cedmeq-f-fysad9-¢ 


ge er en a 





(o) SS) °@Mf~Ah! .qem Bedsogeet (d) 


‘~~ 





* penut ju0o 





eqZeuTsTnseuezuegqTAqy eu 
(8) zec9Hoo-d_=— (8) SE*g*eT°g (S) 85° (4) ~FP-9*e TAdord-¢—TAueydéxoyyeyq—d-z 
euostns TAueyd 
(8) TL°L HO-d (8) 0€°8 (8) 26°L (") OT°E ~TAqyeutp-9 62 TAdord-z-TATol~d-z 
eysuTs[Tnseuszueq 
(S$) TL°L fHo-I = (8) SE*R*eTeg (S) SS°Z (m) 06°2 -TAqyeutp-9¢ TAdord-z-T LT o]-d-z 
euojtns {TAuceudTAQAQeu 
(S$) 0€°s (8) Sg°Z (%) og%2 —tp-9*z [Adoid-z-TAueydomoig=d—=z 
e.eUuTj Tnseuezueq TAN OM 
(8) SE*S*8T°s (8) 89°Z (m) 06° “tp-96e [Adoid-¢=TAuey dowotg—d-¢ 
euojtns TAueud 
m (S) SE°g (S$) 99°2 (P) 06°2 ~Téq30u-7 TAdord-z-TAueyg-z 
E } 

euojtins TAueyd 
(8) 0€°3 (8) Z26°L (t) Og*e -TAuyoutp=-9*z [TAdoid-z-TAusyg—z 
6 yeuTjTnseusezueqg 
(Ss) SE*s*eTt°s (8) gS°Z (mW) 06°2 -TAqyoutp=9*¢ [TAdord=¢—TAusyg=z 

2 (€y9)=9 &(€H0) av H-J¥ “ 
} panodo09 

-e 








(GALA TNSIA NOGUVO) SHNOA INS GNV SUALST ALVNIAINS JO VULOTdS AONVNOSAY OLLANOVW UVATONN AHL dO AUVWWAS 


XX GTVL 





fel nest 


ee 


(o) 2BeGL.8 
(s) 0&8 
fe} IN.T sig £40, Bi.8 


fa) EV.T ghd-g (ga) O£F.38 


(a) S€.d—HOO-— = (a) ARB SL.8 


eben aes 


(a) O85 
(a) O£.¢ 


(d) 





—lygitomtbo aS teeeels 


eacilce : 


nib S IygoresieLysadqyeodtellg-s 
asanitivaesesned Lydvem 








"100 ut (Pp) €toqo ut (9)  eurpratd 
JO YuNoMe [Tews B Jo eousserd ey4 UT (q) eeTBOS f oY} UO eueded ut pepiocer ere syytus TeotTmsy) (2) 








eqeuts{ns 

(8) TI°S=eHO (8) 29°L (m1) Se°z ~suezueqT AyyeuTp—9*z [TAzueg 

e7eUuT J Tnseuezueq 

(@) 0€°6 “49 (mt) Sg*Z=CHO (S$) g7°L (2) og°e -TAqyeuTp-9 ‘ze Téqued-¢=TAueygq—¢ 

Pp) eyeuTsqns 

(3de8)0$°S-HO (P) 7L°8*z9°8 (8) 07°L (a) OO°E sou aea treet jAdosdosy 

(4) o2°8 -&H9 (b) g6°S=cHO (8) S7°Z (%) OO°€ De Se eS tere T4499 

00 ; (2) eqeutsyTnseuezueq 

(2) 7r°e*to°e (2), 27%, (m) 06°2 =TAqzeutp-9 *e [Adord=z—-TAueydosztN=d=z 

suojtns TAueyd 

(8) ez°9%o0-4 (8) gEe°g (8) S9°Z (%) 06°2 -tAqqeu~-7 TAdoid-z-jT Auey dhxoy4ey—d=z 

| euojtns TAueydT AW eu 

(8) 0€*9£H00—4 (8) S€°g (S$) 06°L (1) OT°E “Tp-9*¢ [Adord-¢—TAuey déxoyyoyq—d-z 
&(fno)=9 e¢€Ho) av H-Iy 

\ ae, J puno duo) 





*ponutzuoo XX AIdVL 





> 
7? — 4 


: iN Pat : ————— 
petictetineeniomale — —— eyed al 





(s) 02.8 





(n) OO. 





fs} <.7 








fa) os (a) O0.¢ 





(Sque}OR.eHS (5) AT 08 .89.8 
(my Of.0 a9 fm) BBO = (a) BT a) OBS 


(ew) Ife2-cid (se) S&T (x) 28.5 


= : Te Se 





—! 





te dawoms Lisax s to eomecete edt at (¢) .elaoe U edd mo .a.q0¢ at Boltonet ote afta Lap kmadd i) ea 
£00 at (b) f0Q at (5) sat . a 











= 79- 

It is apparent from the control run (Table LXXVI), that consi- 
derable amount of acid is produced in the decomposition of the 
solvent, 80% dioxane at 90°. In forty hours, the time corresponding to 
ten half-lives of 2-p-bromophenyl-2-propyl 2,6-dimethylbenzenesulfinate 
in 80% dioxane at 90°, the titer of a solution of 80% dioxane 
containing 2,6-lutidine and 2,6-dimethylbenzenesulfinic acid changes 
from 2.11 to 2.42 ml. The development of acid by aqueous dioxane 
solution at elevated temperatures has been noted earlier (page3S ) as 
well as by other workers (41,42). When appropriate corrections are 
incorporated into the sample rate run II-243, Table LXXV, fairly good 
correlation between rates measured by titrimetry and infrared spectro- 
photometry is obtained. However, the corrected infinity titers 
correspond to 97.5% solvolysis and from the rates measured by infrared 
spectrophotometry 14.7% of 2=p=bromophenyl=2—propyl 2,6-dimethylphenyl 
sulfone is formed. In effect, one is accounting for 112% of starting 
material. It is most likely that the corrections applied to the acid 
titers are not sufficiently large. The generation of acid from decompo- 
sition of the solvent is likely to be oxygen sensitive (41,42). Since 
no precautions were taken to exclude oxygen from the ampoules, the 
amount of oxygen is variable and thus the correction$may not be accurate. 

In anhydrous ethanol at 70 and 90° good first-order rates were 
Obtained. As shown in Table XXI (Run II-222, 223; II-229, 230), the rate 
constants measured by titrimetry and infrared spectrophotometry do not 
agree within the experimental errors indicated. Neither is there agree- 
ment between duplicate rates measured by infrared spectrophotometry. 


Compare Runs II-223, 230 and 238 at 90° and II-232 and II-240 at 704 in 
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ool 
anhydrous ethanol. Since rates, measured by both titrimetry and infrared 
spectrophotometry, measure the rate of arenesulfinate ester disappearance, 
they should coincide within experimental error. It is likely that the 
actual experimental errors in this case are greater than given by the 
average deviations from the mean values of the rate constants listed. 

The rate constants given are within ten per cent of one another and this 
may be a better estimate of the errors. Approximately 90% solvolysis 

and 9% rearrangement to 2-p-bromophenyl-2-propyl 2,6-dimethylphenyl 
sulfone was observed in anhydrous ethanol, and the ratio is unaffected 

by the changes in the temperature at which the reaction is carried out. 
Ethanolysis at 90° is seven times faster than at 70°. As shown in 

Table XL, the titer of 2,6-dimethylbenzenesulfinic acid is stable under 
the latter conditions. 

To determine the relationship between optical density and concen- 
tration for the sulfone, the same procedure was followed as for 2-phenyl- 
2-propyl 2,6-dimethylphenyl sulfone, described in Chapter I, page 19. 

In Figure X and Table XXII, it is shown that 2-p-bromophenyl-2-propyl 
2,6-dimethylphenyl sulfone adheres to the Lambert-Beer law up to .005 M 


concentration. 


2-p-Tolyl-2-propyl 2,6-dimethylbenzenesulfinate 


The reaction of 2-p-tolyl-2-propyl 2,6-dimethylbenzenesulfinate 
was carried out in 80% dioxane at 70° and in anhydrous ethanol at 70 and 
90° in the presence of added 2,6-lutidine. Sample rate runs are given 


in Tables LXXVII , LXXVIII and LXXIX, while a summary of the rates measured 


éppears in Table XXIII. 
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FIGURE X 


Relationship between optical density and concentration for 2=p-Bromophenyl- 


~2=propyl 2,6=-dimethylphenyl sulfone in carbon tetrachloride at 1310 cme, 
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TABLE XXII 


RELATIONSHIP BETWEEN OPTICAL DENSITY AND CONCENTRATION FOR 2-p-BROMOPHENYL- 
2-PROPYL 2,6-DIMETHYLPHENYL SULFONE (CARBON TETRACHLORIDE AT 1310 CM. ~) 


Sulfone, M rit leg Tg/T 
00431 4.036 60595 
00344 3.209 .50637 
. 00258 2.458 - 39058 
00172 1.764 . 24650 
. 00086 1.363 . 13450 


In anhydrous ethanol ca. 86% solvolysis and 13% rearrangement 
takes place as measured by infinity titers and sulfone concentrations. 
Addition of tetrabutylammonium 2,6-dimethylbenzenesulfinate has no 
appreciable effect on either the rate of reaction or on the ratio of 
solvolysis to rearrangement. (Compare Runs II-167,168 and III-23.)-. The 
Teaction is 3.8 times faster at 909 in anhydrous ethanol than at 70°. 

In 80% dioxane the ratio of solvolysis to rearrangement is 
slightly altered, from that observed in anhydrous ethanol, ca. 20% 
2-p-tolyl-2-propyl 2,6-dimethylphenyl sulfone was formed. It is 
apparent from control runs carried out on the stability of 2,6-dimethyl- 
benzenesulfinic acid in 80% dioxane at 90°, that small amounts of acid 
are produced from decomposition of the solvent. It is probable that 
this phenomenon takes place at 70° as well, to a lesser extent, and 
exceeding unity (1.036). 
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Since any corrections to be applied would be quite small, the rate 
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-85- 
constants listed in Table XXIII have not been corrected. 

To determine the relationship between optical density and concen- 
tration for the sulfone, the same procedure was used as for 2-phenyl-2- 
propyl 2,6-dimethylphenyl sulfone. As shown in Figure XI and Table 
XXIV, 2-p-tolyl-2-propyl 2,6-dimethylphenyl sulfone adheres to the 


Lambert-Beer law up to .005 M concentration. 


TABLE XXIV 


RELATIONSHIP BETWEEN OPTICAL DENSITY AND CONCENTRATION FOR 2-p-TOLYL-2- 
PROPYL 2,6-DIMETHYLPHENYL SULFONE (CAKBON TETRACHLORIDE AT 1308 cm.~1) 


Sulfone, M ares beg) deve 
.00474 4.921 69205 
00379 3.975 59934 
00284 2.609 .41647 
. 00189 1.986 29588 
.00095 1.481 17050 








2-p-Nitrophenyl-2-propyl 2,6-dimethylbenzenesulfinate 


Reaction of 2-p-nitrophenyl-2-propyl 2,6-dimethylbenzenesulfinate 
was carried out in anhydrous acetic acid at 90° with added sodium 
acetate. Due to the unavailability of a convenient titrimetric method 
to follow solvolysis in acetic acid, and the lack of formation of 
significant amounts of 2-p-nitrophenyl-2-propyl 2,6-dimethylphenyl 
sulfone, it was necessary to use n.m.r. to measure the disappearance 


of this ester. The rate of ester disappearance was followed by 
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Relationship between optical density and concentration for 2-p-Tolyl-2- 


propyl 2,6=<dimethylphenyl sulfone in carbon tetrachloride at 1308 cm.” 
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measurement of the band due to the two methyl groups ortho to the 





sulfur atom of the arenesulfinate group at 7.40% in chloroform. From 
the ratio of the integrated areas of the sample to internal standard, 
ethylene carbonate, the first-order rate constant was calculated. 
Results of a sample rate are given in Table LXXX. 

Measurement of the rate of reaction of 2-p-nitrophenyl-2-propyl 
2,6-dimethylbenzenesulfinate in anhydrous ethanol at 90S with added 
2,6-lutidine, is complicated by a number of factors. The solubility of 
the ester in anhydrous ethanol is lower than any of the other esters, 
the maximum concentration appears to be ca. .010-.012 M. The acid 
titers obtained were rather erratic as shown in Table LXXXI. Due to 
the low solubility of the arenesulfinate ester in pentane, ethyl ether 
was substituted for pentane in the extraction procedure, and 25 ml. 
aliquots were taken. The rate of ester disappearance was measured by 
n.m.r. by following the reduction of the signal at 7.409 which is due 
to the aromatic methyl groups of the arenesulfinate ester. However, 
measurement of the area of this band at 60 Mc. is complicated by the 
appearance of a new band at 7.329. The appearance of a singlet at 7.327 
along with a triplet at 8.657 and a quartet at 5.829 is consistent 
with the assignment of these signals to ethyl 2,6-dimethylbenzenesulfinate. 
At 100 Mc., the signals at 7.32 and 7.40 are well resolved and from 
the integrated areas the rate of ester disappearance was calculated. 

At the start of the reaction only 2-p-nitrophenyl-2-propyl 
2,6-dimethylbenzenesulfinate and no ethyl 2,6-dimethylbenzenesulfinate 
is present. During the reaction, the concentration of 2-p-nitrophenyl- 


2-propyl 2,6-dimethylbenzenesulfinate decreased, while the concentration 
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of ethyl 2,6-dimethylbenzenesulfinate increased. The ratio of ethyl 
2,6-dimethylbenzenesulfinate formed to 2-p-nitrophenyl-2-propyl 
2,6-dimethylbenzenesulfinate reacted, "F¥", is highly sensitive to small 
changes in the concentration of the former, especially near the beginning 
of the reaction. Thus the value of "F¥" at the two initial points in 
Table LXXXII at 28 and 72 hours,respectively,is subject to a relatively 
large error. Inspection shows that the value of "F¥" is approximately 
constant as expected, if ethyl 2,6-dimethylbenzenesulfinate is a primary 
product of the reaction of 2-p-nitrophenyl-2-propyl 2,6-dimethylbenzene- 
sulfinate. Thus about 27% ethyl 2,6-dimethylbenzenesulfinate is 

formed during the reaction of 2-p-nitrophenyl-2-propyl 2,6-dimethylbenzene- 
sulfinate in anhydrous ethanol at 90° in the presence of 2,6-lutidine. 


From the value of the observed first-order rate constant, Kethyl Setar 


formation was calculated to be 3.5 x epee! tees, 


It should be noted that the n.m.r. spectrum of the material which 
was heated for 259 hours in the 90° constant temperature bath is more 
complicated than indicated earlier. From 5.50 to 7.009 three sets of 
quartets are observed, while from 8.50 to 9.007 three sets of triplets 
are noted. Since 2-p-nitrophenyl-2-propyl ethyl ether has not been 
synthesized, the assignment of the n.m.r. signals must be tentative. 
Provisionally, the above signals may be assigned to ethyl 2,6-dimethyl- 
benzenesulfinate, 2—p-nitrophenyl-2-propyl ethyl ether and residual ethyl 
ether (from the extraction). In Table LXXXII a sample rate for 2-p-nitro- 
phenyl-2-propyl 2,6-dimethylbenzenesulfinate disappearance, and ethyl 


2,6-dimethylbenzesulfinaté appearance is given. 
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2-p-Me thoxyphenyl-2-propyl 2,6-dimethylbenzenesul finate 

The reaction of 2-p-methoxyphenyl-2-propyl 2,6-dimethylbenzene- 
sulfinate was carried out in anhydrous ethanol at O and 25° in the 
presence of added 2,6-lutidine. A sample titrimetric rate (Run II-250) 
is given in Table LXXXIII. The precision obtained is considerably 
lower than recorded in any of the previous rate runs. 

The standard kinetic procedure of delivering an aliquot into 
pentane-water, followed by extraction did not effectively quench the 
reaction. This could be due to appreciable solubility of the arene- 
sulfinate ester in water, or solvolysis during the extraction procedure. 
When samples of the ester were dissolved in anhydrous dioxane, the 
dioxane solution added to pentane-water and extracted, titers of .60 
and .72 ml. were obtained. These values correspond to 26 and 31% of 
the theoretical infinity titers. Most of the titer must arise through 
hydrolysis of the arenesulfinate ester, since it is known from the 
infrared and n.m.r. spectra that the compound is more than 94 per cent 
pure. 

When other arenesulfinates were subjected to the above procedure, 
the initial titers did not exceed more than four per cent of the 
theoretical infinity titer. From their infrared and n.m.r. spectra we 
estimate their purity to be higher than 98 per cent in each case. 

We therefore turned our attention toward devising an alternate 
titrimetric procedure that would not involve an extraction procedure. 
Various concentrations of 2,6-dimethylbenzenesulfinic acid in the 
presence of 2,6-lutidine were prepared in anhydrous ethanol and titrated 


with sodium methoxide using p-naphtholbenzein as indicator. The 
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-90- 
observed and calculated end points in all cases coincided within less 
than 0.5 per cent as shown in Table XXV. 

Good first-order kinetics were obtained by the use of the above 
method of direct titration. In the reaction of 2-p-methoxyphenyl-2- 
propyl 2,6-dimethylbenzenesulfinate in anhydrous ethanol at 0° and 25° 
no "blanks" were taken. Due to the solvolysis of the arenesulfinate 
ester during extraction, the rate of sulfone appearance could not be 
measured by infrared spectrophotometry. The “infinity points" from 
the reaction after titration, were extracted by the regular method and 
the concentration of sulfone and azide, if any, were measured. 
2-p-Methoxyphenyl-2-propyl ethyl ether, 2-p-methoxyphenyl-2-propyl 
azide, 2-p-methoxyphenyl-2-propyl 2,6-dimethylphenyl sulfone as well 
as 2-p-methoxyphenyl-2-propyl 2,6-dimethylbenzenesulfinate have absorp- 
tion bands at or near 1310 cm. at, therefore this region cannot be used 
for quantitative determination of the sulfone. The amount of sulfone 
formed was measured in acetonitrile at 660 ane where there is no 
interference in absorption from other products of the reaction. Sample 
reaction rates are given in Tables LXXXIV and LXXXV. 

As shown in Figure XII and Table XXVI, a linear relationship has 
been found between optical density and concentration for 2-p-methoxy- 
phenyl-2-propyl 2,6-dimethylphenyl sulfone. 

At both 0 and 25° in anhydrous ethanol about 80% solvolysis and 
214 rearrangement to 2-p-methoxyphenyl-2-propyl 2,6-dimethylphenyl sulfone 
was observed (Table XXVIII). The rate of reaction at 25° is twenty 
times faster than at 0°. Addition of tetrabutylammonium 2,6-dimethyl- 


benzenesulfinate (Runs II-260 andIII-34 in Table XXVIII) has no effect on 
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TABLE XXV 


CONTROL TITRATION OF 2,6—DIMETHYLBENZENESULFINIC ACID IN ANHYDROUS 
ETHANOL WITH ADDED 2,6~LUTIDINE(.04518 M)e 








Indicators: Phenolphthalein. Base: NaOCH3 (.03888 M). Aliquot: 5.046 ml. 





Ac (2) Titers Average titer Theoretical 
10“ M (m1. ) found (ml.) titer (ml.) 
1.681 20188, 2.198, 2.195 20194 20184 
1.008 16323, 16339, 1-335 1.332 1.324 
0.336 eA51, 0442, 0446 0446 0436 
Blank 0039, 027 





Indicator: p-Naphtholbenzein. Base: Na0CH3 (.03888 M) -Aliquot:4.964m1. 








Acid, (a) Titers Average titer Theoretical 
10“ M (ml. ) found (ml.) titer (ml.) 
1.681 Dl pa Pel 2e tel? De lal 20145 
0.672 0850, 857, 860 0858 0858 
0.168 s2lPytivieAlignnate2, «£15 2216 0215 
Blank 0005, 006 


eee. al 


(a) 2,6-Dimethylbenzenesulfinic acid. 
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-92— 
either the rate of reaction or on the product distribution. Addition of 
lithium perchlorate shows a small salt effect with a "b" value of 6.8 
(Runs II-261 and II-266). In the presence of .075 M lithium perchlorate 
the yield of sulfone is reduced from 21% to 16.3%. A sample rate run in 
the presence of lithium perchlorate is given in Table LXXXVII. 

Addition of tetrabutylammonium 4-methylbenzenesulfinate has no 
effect on the rate of reaction. (Table XXVIII, Run II-279). The 
composition of the rearrangement product under these conditions is 
given in the next section, and a sample rate is shown in Table LXXXVIII. 

A number of runs were carried out in the presence of added 
tetrabutylammonium azide. The presence of high concentrations of azide 
ion, tended to reduce the sharpness of the end point in the titrations. 
A similar observation has been earlier noted in the reaction of 
2-phenyl-2-propyl 2,6-dimethylbenzenesulfinate in the presence of high 
2,6-lutidine concentrations. The 2-p-methoxyphenyl-2-propyl azide 
formed was measured at 2100 cm.7! (acetonitrile). The relationship 
between optical density and concentration for this compound is shown in 
Fiqure XIII and Table XXVII. As illustrated in Figure XIII, the relation- 
ship is linear only up to .006 M concentration. A sample rate run in 
the presence of added tetrabutylammonium azide is given in Table LXXXIX. 
The addition of tetrabutylammonium azide has no effect on the rate of 
reaction, but brings about considerable changes in product distribu- 
tion (see Table XXVIIZ, Runs III-3¢, III-31 and III-35). It is apparent 
from Table XXIX that the formation of both solvolysis and rearrangement 


products is reduced roughly to the same extent by the addition of azide 


ion. In contrast to the unsubstituted ester there is no doubt in this 
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TABLE XXVI 


RELATIONSHIP BETWEEN OPTICAL DENSITY AND CONCENTRATION FOR cage hips pom | 
PHENYL=2=PROPYL 2,6-=DIMETHYLPHENYL SULFONE ( IN ACETONITRILE AT 660 CM.~ 1) 


a 


ara : 106 i 
0.00664 22160 0.33445 
700531 1.891 » 27669 
+ 00398 1.629 +21192 
» 00332 1.489 + 17289 
200266 1.380 213988 
00133 1.162 06521 





TABLE XXVII 


RELATIONSHIP BETWEEN OPTICAL DENSITY AND CONCENTRATION FOR 2=p=METHOXY- 
PHENYL~2=PROPYL AZIDE (IN ACETONITRILE AT 2100 CM.~+) 








ity oe 

0.01253 12.371 1.0923 
201003 9.650 + 98453 
+0075 2 6.658 082334 
»00626 4649 » 66736 
°00501 32928 59406 


00251 1.984 229754 
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FIGURE XII 


Relationship between optical density and concentration for 2=p-Methoxyphenyl- 


-2=propyl 2,6-dimethylphenyl sulfone in acetonitrile at 660 om.1, 
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Relationship between optical density and concentration for 2-p~Methoxy= 


phenyl-2=propyl azide in acetonitrile at 2100 ons, 
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TABLE XXIX 


THE EFFECT OF AZIDE ION ON REACTION OF 2—p-METHOXYPHENYL-2-PROPYL 2, 6- 
DIMETHYLBENZENSULFINATE IN ANHYDROUS ETHANOL AT 25.0° WITH ADDED 2, 6- 





LUTIDINE 
Run Bu,N N Reduction in 
2 3 F F F % solv. &% rea 
102, M solv. rear. azide 7 ; ate 
(a) -- .81l .210 
II1-30 3713 - 600 - 164 sis! 24.6 2220 
IITI-31 ol ata SATIS 4133 -444 Al 34 37.0 


hIT=35 29.13 . 388 114 083 32.0 46.0 


“average of several determinations (Runs II-259, II-262, III-28). 


case of the reduced amounts of sulfone formed. 

An exchange experiment was carried out in the following manner. 
2-p-Methoxyphenyl-2-propyl bromide (.03072 M) was treated for three 
minutes in anhydrous ethanol at 25° in the presence of tetrabutyl- 
ammonium 2,6-dimethylbenzenesulfinate (.03130 M) and 2,6-lutidine (.1938 M). 
2-Phenyl-2-propyl bromide under comparable conditions would be expected 
to have a half-life of ca. 3 minutes (Chapter I, page 34). If we allow 
mi ractor of 10° for the effect of the additional methoxy group, the 
reaction would be expected to be completed in less than 20 seconds. 
Hence, 3 minutes represents complete reaction. 

On solvolysis, 84.1 per cent of the theoretical amount of acid, 
and 82.3 per cent of the theoretical amount of bromide lon were pro- 
duced. The values of 82.3 and 84.1 per cent are in fair agreement with 


the experimentally determined 85.9 per cent purity of the starting bromide. 
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-99- 
Measurement of the percentage transmittance in acetonitrile at ca. 660 
ie gives a maximum of 1.14% sulfone, which would correspond to 5.4% 


of the sulfone formed in the reaction of the arenesulfinate ester. 


Product Runs 

A series of standards consisting of various ratios of 2-p-bromo- 
phenylpropene, 2-p-bromophenyl-2-propyl ethyl ether and acetophenone 
(internal standard) were prepared and analyzed by gas chromatography. 
The area ratio of compound to internal standard was calculated and 
plotted against the mole ratio of component to internal standard. These 
results are given in Figure XIV and Table XXX. 

A synthetic mixture consisting of 2-p-bromophenyl-2-propyl 
2,6-dimethylphenyl sulfone, 2-p-bromophenyl-2-propyl ethyl ether, 
2-p-bromophenylpropene and 2,6-lutidine was prepared, dissolved in 
anhydrous ethanol and immersed in the 90° constant temperature bath for 
33 hours (11 half-lives for the reaction of the corresponding arene- 
sulfinate ester). Subsequent treatment was exactly as described for 
the unsubstituted system, except in gas chromatography, the Perkin Elmer 
column K at 174° was used. The results obtained are listed in Table 
XXXI. 

In product run III-5, .7713 g. (.00210 mole) of 2-p-bromophenyl- 
2-propyl 2,6-dime thylbenzenesulfinate and .4785 g. (.00447 mole) of 2,6- 
lutidine were dissolved in 100 ml. of anhydrous ethanol and the solu- 
tion was heated in the 90° constant temperature bath for 33 hours (11 
half-lives for the reaction of the ester). Subsequent treatment was 


exactly as described in the control run above. 
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FIGURE XIV 

Calibration curve for gas liquid chromatography of 2-p-bromophenyl-2-propyl 

ethyl ether and 2-p=bromophenylpropene, using acetophenone as internal 

Standard, 
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TABLE XXX 


ANALYSES OF SYNTHETIC MIXTURES OF 2=p=-BROMOPHENYLPROPENE AND 2=p=-BRO- 
MOPHENYL-2=PROPYL ETHYL ETHER, USING ACETOPHENONE AS INTERNAL STANDARD. 











Operating Conditions of Perkin Elmer Vapor Fractometer Model 154 D: 
2 Meter Column Perkin Elmer K (carbowax 1500);Column Temperature: 174°; 


Column Pressure(Helium): 25/526 (gauge pressure);Detector Voltage: 8 Ve 





Sample No. Components Weight Calculated Found average 
in ge mole ratio. area ratio. 

I Acetophenone (®) 0.116 
Olefin‘ -112 0.587 0.744 
Ether(c) sili 497 673 

II Acetophenone e118 
Olefin «060 0309 +412 
Ether 022k 0938 1.317 

III Acetophenone e112 
Olefin 2260 1.415 1.778 
Ether 2060 0205 2360 

IV Acetophenone oll4 
Olefin @ 133 eis 0832 
Ether 2089 0385 0506 


eee 


(a) Acetophenone, retention time: 590 sec. 
Hb, 2=p-Bromophenylpropene, retention time: 725 sece 
(c) 2=p-Bromophenyl-2=propyl ethyl ether, retention time: 1090 sece 
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TABLE XXXI 
CONTROL ISOLATION OF 2-p-BROMOPHENYL-2-PROPYL 2,6-DIMETHYLPHENYL SULFONE 


2-p-BROMOPHENYLPROPENE AND 2-p-BROMOPHENYL-2-PROPYL ETHYL ETHER IN ANHYD- 
ROUS ETHANOL AT 90.0° WITH ADDED 2,6-LUTIDINE (RUN ITI-1) 





Weight Initial Recovered Per, Cent 
Compound in G. moles, 103 moles, 103 Recovery 
Sulfone 0732 199 Eh ig 97.5 
Olefin .1700 863 .815? 94.4 
Ether 2291 £943 .898° 95.3 
2,6-Lutidine - 4860 4.535 -- 





“Gravimetrically. 


Day gas chromatography. 


Analysis by gas chromatography showed the presence of 41.8% 
2-p-bromophenylpropene and 48.7% 2-p-bromophenyl-2-propyl ethyl ether. 
The above percentage values are not corrected for the ca. 95% recovery 
in the control run III-l. The 64.5 mg. of 2-p-bromophenyl-2-propyl 
2,6-dimethylphenyl sulfone obtained corresponds to 8.4 per cent based 
on starting ester. The 90.5% solvolysis products and 8.4% sulfone 
compare well with the values of 90.6% and ca. 9% obtained in kinetic 


runs. 


2-p-Tolyl-2-propyl 2,6-dimethylbenzenesulfinate 


A series of standards consisting of various ratios of 2-p-tolyl- 
propene, 2-p-tolyl-2-propyl ethyl ether and acetophenone (internal 
standard) were prepared and analyzed by gas chromatography as described 


for the corresponding p-bromo compounds. The results obtained are given 


i ee bin. 2 
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in Figure XV and Table XXXII. 

A synthetic mixture consisting of 2-p-tolyl-2-propyl 2,6-dimethyl- 
phenyl sulfone, 2-p-tolylpropene, 2-p-tolyl-2-propyl ethyl ether and 
2,6-lutidine was prepared, dissolved in anhydrous ethanol and heated in 
the 90° constant temperature bath for 70 minutes (25 half-lives for the 
reaction of the corresponding arenesulfinate ester). Subsequent treat- 
ment was exactly as described for the unsubstituted system except in gas 
chromatography, the Perkin Elmer column K at 140° was used. The results 
obtained are listed in Table XXXIII. 

In product run III-16, .6696 g. (.00221 mole) of 2-p-tolyl-2- 
propyl 2,6-dimethylbenzenesulfinate and .4740 g. (.00442 mole) of 
2,6-lutidine were dissolved in 100 ml. of anhydrous ethanol and the 
solution was heated in the 90° constant temperature bath for 50 minutes 
(ca. 20 half-lives for the reaction of the ester). Subsequent treatment 
was exactly as described in the control run above. 

Analysis by gas chromatography showed the presence of 30.3% 
2-p-tolylpropene and 53.9% 2-p-tolyl-2-propyl ethyl ether. The 96.5 mg. 
of 2-p -tolyl-2-propyl 2,6-dimethylphenyl sulfone isolated corresponds 
to 14.4 per cent based on starting ester.The 84.2% of solvolysis products 
and 14.4% sulfone compare well with the values of 86% and 13% obtained 


in the kinetic runs. 


2-p-Methoxyphenyl-2-propyl 2,6-dimethylbenzenesulfinate 

Preliminary gas chromatography on Perkin Elmer columns C, K and 
R showed that 2-p-methoxyphenyl-2-propyl ethyl ether could not be 
analyzed due to its decomposition. The n.m.r. spectrum of the material 
obtained on reaction of the arenesulfinate ester in ethanol, showed the 


presence of only ether and sulfone, no olefin. However, 2-p-methoxyphenyl- 
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Calibration curve for gas liquid chromatography of 2=p-tolyl-2=-propyl 


ethyl ether and 2-p-tolylpropene, using acetophenone as internal standard. 
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TABLE XXXII 


ANALYSES OF SYNTHETIC MIXTURES OF 2=p=TOLYLPROPENE AND 2-p-TOLYL=2=PRO={ 
PYL ETHYL ETHER, USING ACETOPHENONE AS INTERNAL STANDARD. 


Operating Conditions of Perkin Elmer Vapor Fractometer Model 154 D: 
2 Meter Column Perkin Elmer K (carbowax 1500);Column Temperature: 140°; 
Column Pressure(Helium): 25/5.6 (gauge pressure);Detector Voltage: 8 V. 


Sample No. Components Weight Calculated Found average 





in ge mole ratio. area ratio. 

ue Acetophenone (®) 0.131 
Ether ‘© 2133 684 802 

igs Acetophenone 0125 
Olefin «150 1.090 1.095 
Ether 070 ® 377 mr) 443 

III Acetophenone 0132 
Olefin 0223 1.535 1.628 
Ether e103 2526 2621 

IV Acetophenone 0123 
Olefin © 049 +362 0379 
Ether 2162 2888 1.065 








(a) Acetophenone, retention time: 1380 sec. 
(b) 2=p-Tolylpropene, retention time: 520 secs 
(c) 2=p=Tolyl-2-propyl ethyl ether, retention time: 780 sec. 
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TABLE XXXIII 
CONTROL ISOLATION OF 2-p-TOLYL-2-PROPYL 2,6-DIMETHYLPHENYL SULFONE, 2-p- 


TOLYLPROPENE AND 2-p-TOLYL-2-PROPYL ETHYL ETHER IN ANHYDROUS ETHANOL AT 
90.0° WITH ADDED 2,6-LUTIDINE (RUN III-13) 


Weight Initial kKecovered Per Cent 
Compound ang. moles, 10 moles, 10 Recovery 
Sul fone 0573 189 184° 97.5 
Olefin 1566 1.186 iwtes” 97.2 
Ether 2012 1.130 1.115 98.7 
2,6-Lutidine {3104 4.760 -- 





@ Gravimetrically. By gas chromatography. 

2-propyl ethyl ether, is partially lost, due to its volatility, during 
the removal of the pentane at the water pump. To avoid interference 
from the methyl and methylene groups of pentane in the n.m.r., all of the 
solvent must be removed prior to recording of the spectrum. However, 

if methylene chloride is used as solvent for the extraction, the n.m.r. 
spectrum can be recorded without interference from the methylene protons, 
thus there is no need for quantitative removal of this solvent. 

In control run III-37, a synthetic mixture consisting of 2-p- 
methoxyphenyl-2-propyl 2,6-dimethylphenyl sulfone, 2-p-methoxyphenyl-2- 
propyl 4-methylphenyl sulfone, 2-p-methoxyphenyl-2-propyl ethyl ether 
and 2,6-lutidine were dissolved in 50 ml. of anhydrous ethanol and the 
solution was kept in the 25° constant temperature bath for one hour (ca. 
1l half-lives for the reaction of 2-p-methoxyphenyl-2-propyl 2,6-dimethyl- 
benzenesulfinate). The solution was poured into methylene chloride-water 


and extracted in the usual manner. After drying, the solvent was removed 
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by slow distillation through two 9" Vigreaux columns and a known amount 
of ethylene carbonate (internal standars) was added. The n.m.r. 
spectrum was recorded at 100 Mc., and from the ratio of areas obtained, 
the percentage of each compound recovered was calculated. From the 
results shown in Table XXXIV, it is apparent that this method may be 


successfully applied for product determinations. 


TABLE XXXIV 


CONTROL ISOLATION OF 2-p-METHOXYPHENYL-2-PROPYL 2,6-DIMETHYLPHENYL 

SULFONE, 2-p-METHOXYPHENYL-2-PROPYL 4-METHYLPHENYL SULFONE AND 2-p- 

ME THOXYPHENYL-2-PROPYL ETHYL ETHER IN ANHYDROUS ETHANOL AT 25.0° 
WITH ADDED 2,6-LUTIDINE (RUN III-37) 





Weight Initial Recovered Percentage n.m.r. 
Compound Uamt ee moles, 10 moles, 10° recovery signal &T 
measured 
at 100 Mc. 
Sulfone 1° 0391 (ek 1.23 99 7.78 
Sulfone iaty -0034 ely ~ 105 95 7.60 
Ether © .0912 4.70 4.31 92 8.55 


ey 


@9—p—Me thoxyphenyl-2-propyl 2,6-dimethylphenyl sulfone. 
B25e-Mathoxyphenyl-2—propyl 4-methylphenyl sulfone 
©2-p-Methoxyphenyl-2-propyl ethyl ether. 


Accordingly in Run III-42, .3547 g. (.001114 mole) of 2-p-methoxy- 
phenyl-2-propyl 2,6-dimethylbenzenesulfinate and .2418 g. (.002256 mole) 
of 2,6-lutidine were weighed into a 50 ml. volumetric flask which was 
filled to the mark with anhydrous ethanol. The flask was placed into the 
25° constant temperature bath for one hour (ca. 11 half-lives for the 


reaction of the ester). The same isolation procedure was used as in the 
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foregoing control experiment. The n.m.r. spectrum was recorded at both 
60 and 100 Mc., and from the area ratios obtained, the percentages of 
2-p-methoxyphenyl-2-propyl ethyl ether and 2-p_-methoxyphenyl-2- 
propyl 2,6-dimethylphenyl sulfone were calculated. The results obtained 
are given in Table XXXV. It should be noted that there is about 7 per 
cent difference between the percentages of the components analyzed on the 
A-60 and the HR-100 instruments. This difference is most likely due to 
instrumental errors. 

In Run III-43, .0130 mole of tetrabutylammonium 4-methylbenzene- 
sulfinate was added. Pentane had to be used in the extraction procedure, 
instead of methylene chloride, as the quarternary salt cannot be readily 
extracted from the latter solvent by water. This change in extraction 
solvent means that the amount of 2-p-methoxyphenyl-2-propyl ethyl ether 
measured by the n.m.r. instrument may be less than the amount actually 
produced in the reaction, due to its partial loss during the removal of 
the pentane. The pentane was removed at the water pump, and the flask 
was evacuated for one minute only to minimize the loss of 2-p-methoxy- 
phenyl-2-propyl ethyl ether. A known amount of ethylene carbonate 
(internal standard) was added and the n.m.r- spectrum recorded at 60 
and 100 Mc. (deuterochloroform ). The results obtained are recorded in 
Table XXXV. 2-p-Methoxyphenyl-2-propyl 4-methylphenyl sulfone shows a 
signal due to the aromatic methyl group 18 ¢.p.s. down-field from the 
two methyl groups of the 2,6-dimethylphenyl sulfone at 100 Mc. A very 
small signal was observed in that region, which would correspond to only 
.24 of the 4-methylphenyl sulfone based on starting arenesulfinate ester, 


Or a maximum of one per cent of the total amount of sulfones formed. 
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TABLE XXXV 


SUMMARY OF PRODUCT RUNS ON 2-p-METHOXYPHENYL-2-PROPYL 2,6—-DIMETHYLBENZENE- 
SULFINATE IN ANHYDROUS ETHANOL AT 25.0° WITH ADDED 2,6-LUTIDINE 


Ester Per cent Ether Per cent Sulfone 
Run 103, M at 60 Mc. at 100 Mc. at 60 Mc. at 100 Mc. 
r71—4) 1. 129 68.9 15.2 
Pi -45 1.114 72.8 77.2 20.0 51.3 
Pr -A5" eels 82.8 73.0 15,7 17.8 


a 
0.26 molar tetrabutylammonium 4-methylbenzene sulfinate present. Pentane 
used in extraction. 


Reaction of 2-p-methoxyphenyl-2-propyl 2,6-dimethylbenzene- 
sulfinate (.02261 M) in anhydrous acetic acid at 25° in the presence of 
sodium acetate (.0560 M) was allowed to proceed for 40 minutes. 

The actual rate constant for this reaction has not been measured 
but a number of estimates of the rate can be made. Under the above 
conditions, 2-phenyl-2-propyl 2,6-dimethylbenzenesulfinate has a rate 


ey If we allow a factor of 10° for the effect 


“= 


constant of 4.2 x 107© sec. 
of the p-methoxy group, a first-order rate constant of 4.2 x 1073 sec. 
would be predicted for 2-p-methoxyphenyl-2-propyl 2,6-dimethylbenzene- 
sulfinate. (In 90% acetone, 2-p-methoxyphenyl-2-propyl chloride 
solvolyzes 3360 times faster than 2-phenyl-2-propyl chloride (53). Thus 
40 minutes would represent at least 12 half-lives for the reaction of 
the arenesulfinate ester in anhydrous acetic acid. The above estimate 


must be a maximum estimate for the half-life, since the factor of 103 
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might be too low. Alternatively, based on the first-order rate constant 
of 2.1 x 10° sec. + for 2-p-methoxyphenyl-2-propyl 2,6-dimethylbenzene- 
sulfinate in anhydrous ethanol at 25°, one can predict an acetolysis 
rate constant of ca. 5 x 10°* sec.~!. The acetolysis of arenesulfinate 
esters has been found to be 25-35 times faster than their ethanolysis 
(45)5. The rate constant of 5 x io eon corresponds to a half-life 
of ca. 14 seconds, thus 40 minutes would be equivalent to 170 half-lives 
for the reaction of 2-p-methoxyphenyl-2-propyl 2,6-dimethylbenzene- 
sulfinate in anhydrous ethanol at 259. Therefore, under either set of 
assumptions, the reaction must have proceeded to completion. 

The same workup procedure was employed as in the ethanolysis, 
using pentane for the extraction. The n.m.r. spectrum was recorded at 
100 Mc. in CDC1. solution, and the area ratios obtained correspond to 
27.8% 2-p-methoxyphenyl-2-propyl 2,6-dimethylphenyl sulfone. The n.m.r. 
spectrum also shows minor amounts of 2-p-methoxyphenylpropene and 2,6- 
dimethylphenyl 2,6-dimethylbenzene thiolsulfonate, but the sum total of 
the above compounds does not exceed 40% based on starting arenesulfinate 
ester. It is possible that a portion of 2-p-methoxyphenylpropene and all 
of the 2-p-methoxyphenyl-2-propyl acetate was lost during the procedure 
used for the measurement of the sulfone. 

In run III-45, the arenesulfinate ester (.02266 M) was allowed 
to react in anhydrous acetic acid in the presence of sodium acetate 
(.0560 M) and tetrabutylammonium 4-methylbenzenesulfinate (.267 M). The 
Nemer. spectrum recorded at 100 Mc. in CDCl3 showed the presence of 
26.7% 2-p-methoxyphenyl-2-propyl 2,6-dimethylphenyl sulfone, and minor 


amounts of olefin and thiolsulfonate. The maximum amount of 
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2-p-methoxyphenyl-2-propyl 4-methylphenyl sulfone formed would be less 
than 14 as measured by a very weak signal 18 ans. down-field from the 
aromatic methyl groups or 2-p-methoxyphenyl-2-propyl 2,6-dimethylphenyl 
sulfone. 

In control run III-49, .0345 g. (1.085 x 107* mole) of 2=p-methoxy- 
phenyl-2-propyl 2,6-dimethylphenyl sulfone and .0062 g. (2.04 x 1072 
mole) of 2-p-methoxyphenyl-2-propyl 4-methylphenylsulfone were dissolved 
in 50 ml. of anhydrous acetic acid (.0560 M in sodium acetate), and 
placed in the 25° constant temperature bath for 40 minutes. After the 
usual workup, the n.m.r. spectrum was recorded at 100 Mc. in CDCl3 and 
from the area ratio of component to internal standard the amount of each 
sulfone recovered was calculated. Analysis indicated 90%, (9.25 x 107° 
mole) of the 2,6-dimethylphenyl sulfone and 104% (2.13 x Ope mole) of 
the 4-methylphenyl sulfone were recovered. This experiment shows that 
substantially all of the sulfone mixture is recovered and analyzed by 
the method used. 

In Table XXXVI a summary of the product runs on the different 


arenesulfinate esters is given. 
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TABLE XXXVI 


SUMMARY OF PRODUCT RUNS ON PARA-SUBSTITUTED 2=PHENYL—2=PROPYL 2,6-DI- 
METHYLBENZENESULFINATES IN ANHYDROUS ETHANOL AT 90,09. 





Compound Run Noe % Olefin % Ether % Sulfone Total 
2-Phenyl=2=propyl I-208 38.0 51.0 9.7 98.7 
2,6-dimethylbenzene= 

sulfinate I-217 38.0 50.8 9.6 98.44 


2=-p-Bromophenyl=2= 
propyl Ry 6=dimethyl III-5 41.8 4867 S eh 98.9 
benzenesulfinate 


2-p-Tolyl=2=propyl 


2,6—dimethylbenzene- III-16 30.3 5369 hed 98.6 
sulfinate 

Ab) 
2=p-Methoxyphenyl- III-41 6809 15. Shel 


2=propyl 2,6-dim thyl- eaacs 


benzenesulfinate ‘* T7402 m1. 3° 98.45 





(a) at 25.0°; no olefin was detected. 
(b) Products were not isolated, measured by neMere at 60 Mc. 
(c) Products were not isolated, measured by nemer+ at 100 Mce 
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DISCUSSION 


Nuclear Magnetic Resonance Spectra of Arenesulfinate Esters 

In Chapter I, it was pointed out that in the n.m.r. spectrum of 
2-pheny1-2-propyl 2,6-dimethylbenzenesulfinate, the signal due to the 
gem-dimethyl group is split into a doublet with a spacing of .17 
p-pem. Similar splitting of the gem-dimethyl signal is observed in the 
nemer- spectra of isopropyl, 2—p-bromophenyl-2-propyl, 2-p-tolyl-2- 
propyl, 2-p-nitrophenyl-2-propyl and 2-p-methoxyphenyl-2-propyl 2,6- 
dimethylbenzenesulfinates as shown in Tables XX and XXXVII. Nair and 
Roberts (69) have recorded analogous observations in the n.m.r. spectra 
of gem-difluouro compounds of the type R,CF5CRoR2R,- They attributed 
the splitting of the F signal as due to unequal residence time of the 
molecule in each of the various rotational conformations. Similar 
conclusions have been reached by Pople (70) and Waugh and Cotton (71). 

In the case of ethyl 2,6-dimethylbenzenesulfinate, a single 
quartet is observed for the methylene protons, while for benzyl 
2,6-dimethylbenzenesulfinate only a singlet for the methylene protons 
is recorded. 

In contrast to this, the ethyl esters of benzenesulfinic, 
p-toluenesulfinic, o-toluenesulfinic and o-chlorobenzenesulfinic acids 
exhibit a more complex spectrum in the methylene region as shown in 
Table XXXVII (16). Similarly, a doublet has been observed for the 
methylene protons of benzyl benzenesulfinate (72). Waugh and Cotton 
(71) have interpreted the n.m.r. spectrum of ethyl benzenesulfinate in 


the methylene region to be composed of a pair of non-equivalent protons, 
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-114- 
split almost to the same extent by the methyl protons. The n.m.r. 
spectra of ortho and para substituted ethyl benzenesulfinates may be 
interpreted exactly the same way as that of ethyl benzenesulfinate. 
Jackman (73) has considered the system, -CH9-CRST in which the 
methylene group is adjacent to an asymmetric carbon atom. Illustrated 
below are three conformations of methyl 2, 3-dibromo-—2-methylpropionate. 


It is apparent that Hz and Hp are not in the same environment in 






Br Br 

Ha Hp Br He 
ws a “ =~ sik 
p er a 
CEy | Me CHL | COoMe 
| \ 
Br Hp 
(i) (ii) (444) 


confirmations (i) and (ii). The non-bonded interactions due to the two 
bromine atoms are different in the two conformations, thus different 
distortions and polarizations may result. Even if free rotation is 
permitted, and the different conformations are equally populated, the 
shielding of H, igs not necessarily equal to that of Hp. 

The above mentioned arenesulfinate esters are similar to 
Jackman's example, except that the gem-dimethyl group is located one 
atom further from the asymmetric center, the sulfur atom. 

Therefore, it appears that the only anomalous spectra recorded 
are those in which there is a methylene group next to the oxygen atom 
of the 2,6-dimethylbenzenesulfinate group. It is possible that the 
effect of the 2,6-dimethylphenyl group is such as to cause an "accidental" 


equivalence in the shielding of the methylene protons. An alternate view 

























bt ity : 


anode <q fyatam “ar yd pre 9m odd ato ome F 


oTaMee-) BS 


’ 
Jetantilvesnesned Iyitte hahusnts oie sea bre -odi19 4 


Su Bi é " 
rf 


4 
sanesnisd tystits te tact 28 vew emee off? I oeKa 


—s oy 
e .- iee@ 





~2y 
dq vl Tes-gHl~ \aeteye eny borsntenie ser (68) doa 
-_ te) 
3: (L «more Hodtho >iageaniyas ne OF hiwowhbs ak quorg ¢ neo lytt 
: not " : 
ove iv teem—ono ra 6-6 (oS ‘DyAesm Fo ariattganata09 cont: sie 
- * a 7 
mori se embe efi nk Son ots a bits a tent Ea és oe at _ 
ai ay a _ 
wi 
a 
wr is 
89. 
(eet (tk) ‘ 
3 + sub ahokiveresni bsbood-nolt sat s( 2%) pita! 
e ifm evn enol t surce tnoo ow? uid at Sasreitib e168 8 


i : a 7 
‘stor eet Ti neva = .tlueet (am sa lls 
ab 


tefugen yileupo 626 enolvenrotred: thenattie aitt 


ent ,b8F 
dt te verte oF Leuper yitsedessen ron of HY 
; selinie evo exagae stentt nearare benotinem @ *~ 
. sxe "0 
3: ij feu0 es @ LOT “a alee Rect pain i 


is See 
mrs 10 _ Piss} tefiies : os 
rad a) 


4ah79004 arteené 20 Lamers a 


nots nagyeo sA5 95 Ixem quorxe a0 
é iF 


" ost teri sjd teeda. ai 2 


‘Latnebtoos" ms a seuoatid wt oma # 










-_ 
wel? Sana t tA aitesteg sin 


ar. 


*penuT quod 


(94) OL°S (b) 96° (9)eqeuTZ TNS 
~suezueqTAyzoutp-9*z [449g 


(8) 7E°s *€0°s eqeuTsTNseuszueqTAq4 emt p—9 £z 
(4) pAdoid—z-T Ausy dor4 Ty-d-z 


(8) S€°s *ET°s ©4BUTJ Tnseuezueq TAN} SUT P-9 §z 
pédoid-2-T Ausy déxog4 oy -d—z 


(8) GE°2 *ET°g eyeuTJ[nseus zuseq TAY emt pg *z 
TAdord-z-TAToL=d-z 


(S) Sé°s *ET°g oqnurs Tuseue ned gee P rag 
piédoid-z—-{Auey domoig— 


-115- 


( s ) Ge*g *8T *9 e7eUTJ [Nseuszueq TAY} OUT p=9 ‘z 
tAdoid=z-j,Adey g=z 





fa0- ~cHO- {Aq4euT p=tes 


eres Rate es nG ee Pe i ah punodmoy 
(S) 


¥ (°s9) SUALSHY ALVYNIATOSINGUVY NIVLNAD 
4O VULO€dS ZONVNOSHY OLLENDVW UVHIOON HHL WOM S'TVNDIS NOLOUd ANAIAHLON ONV ‘IXHIAW FHL dO XYVWNAS 


ITAXXX UTEVL 


! € 5 i : 
Dean 


Ly tout 7 


| : pew 4 
aT Ct eRe Paeenn ae 
" : ‘ae : at 
; pen 


#"0 (Ff) 


soured * 


2"3g (9) 


g*as” g*st (8) 
g°ye* g*32 (8) 


2° ha ee ; mS * 





*QT S0UeTeJeI MOTs B4Bq_ (Pp) 
7t90 uf (2) 
*eTOdd UF (q 
*eTeos p ey uo eurded uf pepiodel ere sqztTys TeoTmeyy 3} 











(3) S4°8 (") gT°9 eyeuTI{ns 
-euezneqosb}y0-2 T4099 
(4) €g*s (m) g2°9 _&p) eqeuT sins 
ezueq TANI 
(4) €8°8 (mW) 0€°9 @) eqeutTsqns 
~ouezueqtAyjom—7 TAq7g 
. (+) Lg°s (uw) 2E°9 eqeuTjTns 
- ~ouezueqthfqou-z TAq49g 
(8) Tr*s e4ysutTj[Tnseue zusq 
~TAqyeuTFp-9 fe TAzueg 
(des )0S°S Ho- (P) 7L°8 fz9°g 5\ &FsUTJTnseuezueq 
~1Ah dat p-9 TAdoadosy 

“yo Aq} om p-SF 2 

ae ee Bo ees 

(8) y; punoduoy 








*penutquoo TIT AXXX WFIaVL 





—— 










| D 








— Cqnn)0%2 He (By aise S58 2 


® 4 


. 


(a) Lf.% 





(3) 73.8 (a) St.d 





(3) €8.8 (m) O£.2 - 
¢) €3.8 (a) 8.0 


(3) 8T.8 (a) 8£,.0 
eee SSS ST SS a 
eoisoe + eft sa oGi+tisq at bebvooet eis adtids feolusde oa? 

cud at fe) 

s2L aeagtstot mort ate! (6) 








, 
& 








-ll7- 
would be that the bond angles of the asymmetric sulfur atom are dis- 
torted from their normal values, making the molecule more nearly planar, 
and in the process the methylene groups may become magnetically equi- 
valent. It is also possible that the 2,6-dimethylphenyl group distorts the 
shape of the entire molecule, and in the process the magnetic non-equi- 


valence is lost. 


The Nature of Intermediates in the Ionization of para-Substituted 


2-Phenyl-2-propyl 2,6-Dimethylbenzenesulfinates 


It has been shown previously that 2-phenyl-2-propyl 2,6-dimethyl- 
benzenesulfinate undergoes reaction in a variety of solvents by ioniza- 
tion, and that the 2-phenyl-2-propyl 2,6-dimethylphenyl sulfone is formed 
by ion pair return. We shall now examine the reactions of para- 
substituted 2-phenyl-2-propyl 2,6-dimethylbenzenesulfinates. 

Sulfur-oxygen bond cleavage has been considered and concluded to 
be negligible in the reaction of 2-phenyl-2-propyl 2,6-dimethylbenzene- 
sulfinate in a number of solvents. Of the arenesulfinate esters studied, 
sulfur-oxygen bond cleavage is most likely to take place in the reaction 
of 2-p-nitrophenyl-2-propyl 2,6-dimethylbenzenesulfinate in anhydrous 
ethanol, i.e., the least reactive ester towards carbon-oxygen bond fission. 

It has been pointed out in the results section that measurement 
of the rate of reaction of 2-p-nitrophenyl-2-propyl 2,6-dimethylbenzene- 
sulfinate is beset by a number of difficulties. In the ethanolysis of 
this ester, the rate constant measured by titrimetry exhibits a low 
precision, but is within the limits indicated, the same as the rate 


constants measured by nem.r. spectrophotometry. The rate of arenesulfinate 
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-118- 
ester disappearance was also measured by n.m.r. spectrophotometry, and it 
was found that ethyl 2,6-dimethylbenzenesulfinate is one of the products 
formed. 

Ethyl 2,6-dimethylbenzenesulfinate may be formed by sulfur-oxygen 
bond cleavage, or through esterification of 2,6-dimethylbenzenesulfinic 
acid produced in the reaction by carbon-oxygen bond cleavage. Since the 
ratio of ethyl 2,6-dimethylbenzenesulfinate formed to 2-p-nitrophenyl- 
2-propyl 2,6-dimethylbenzenesulfinate expended is approximately constant 
at all times, it is unlikely that the former compound arises through 
esterification of the 2,6-dimethylbenzenesulfinic acid. Therefore, ca. 
27% of the reaction of 2-p-nitrophenyl-2-propyl 2,6-dimethylbenzene- 
sulfinate in anhydrous ethanol at 90° proceeds by sulfur-oxygen bond 
cleavage. 

Since ca. 274 of the reaction proceeds by sulfur-oxygen bond 
cleavage, the rate constant for ethyl 2,6-dimethylbenzenesulfinate 
Bomnecaon 16 ca. 1.3 x 1076 sec.71 x 272 3.9 x 107” sec.7l, 

We have earlier used the rate constant for the reaction of benzyl 
2,6-dimethylbenzenesulfinate as an estimate of the upper limit for the 
rate constant for sulfur-oxygen bond cleavage in 2-phenyl-2-propyl 2,6- 
dimethylbenzenesulfinate. The presence of a p-nitro group in 2-p-nitro- 
phenyl-2-propyl 2,6-dimethylbenzenesulfinate should accelerate the rate 
of sulfur-oxygen bond cleavage by no more than a factor of ten. As an 
example of the effect of a p-nitro group, the alkaline hydrolysis of 
p-nitrobenzyl acetate is 4.4 times faster than that of benzyl acetate in 
56% (by weight) aqueous acetone at 0° (74). If as a rough estimate each 


methyl group retards the rate of sulfur-oxygen bond cleavage by a factor 
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of three, the retarding effect of the two methyl groups would cancel 
the accelerating effect of the p-nitro group. Thus, approximately the 
same rate constant would be predicted for sulfur-oxygen bond cleavage 
in benzyl 2,6-dimethylbenzenesulfinate and 2-p-nitrophenyl-2-propyl 
2,6-dimethylbenzenesulfinate, under identical conditions. The rate 
constant for the reaction of benzyl 2,6-dimethylbenzenesulfinate in 
anhydrous ethanol at 90° in the presence of 2,6-lutidine is ca. 2 x 
to." Sec. (63). Under identical conditions the rate constant for 
sulfur-oxygen bond cleavage for 2—p=nitrophenyl-2-propyl 2,6-dimethyl- 
benzenesulfinate is 3.5 x 107’ sec.~?, which is in good agreement with 
the predicted value. 

The measurement of the rate of acid production in the ethanolysis 
of 2-p-nitrophenyl-2-propyl 2,6—dimethylbenzenesulfinate is rather inac- 
curate. However, a consideration of the amount of acid produced leaves 
no doubt that a substantial portion of it must have been formed by carbon- 
oxygen bond cleavage of the arenesulfinate ester. Since ca. 27% of the 
arenesulfinate ester reacts by sulfur-oxygen bond cleavage, the maximum 
value for the solvolysis rate constant is 9.9 x 107’ sec.71. 
eoty. “= Kops. Fsolv. ) Therefore, both carbon-oxygen and sulfur-oxygen 
bond cleavage take place in the reaction of 2-p-nitrophenyl-2-propyl 
2,6-dimethylbenzenesulfinate in anhydrous ethanol at 90°. 

It is interesting to note that the previous models used, benzyl 
2,6-dimethylbenzenesulfinate and p-methoxyneophyl 2,6-dimethylbenzene- 
sulfinate, did in fact provide a reasonable upper and lower limit for 
the rate of sulfur-oxygen bond cleavage in 2-phenyl-2-propy1! 2,6-dimethyi- 


benzenesulfinate. The rate of sulfur-oxygen bond cleavage for 
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2-p-nitrophenyl-2-propyl 2,6-dimethylbenzenesulfinate may now be used 
to gauge the rate of sulfur-oxygen bond cleavage in other 2-aryl-2- 
propyl 2,6-dimethylbenzenesulfinates. The rate of sulfur-oxygen bond 
cleavage in the other arenesulfinate esters studied must be slower than 
that found for 2-p-nitrophenyl-2-propyl 2,6-dimethylbenzenesul finate. 
The rate constants for arenesulfinate ester disappearance of 2—p-bromo- 
phenyl-2-propyl 2,6-dimethylbenzenesulfinate, 2-p-tolyl-2-propyl 2,6- 
dimethylbenzenesulfinate and 2-p-methoxyphenyl-2-propyl 2,6-dimethyl- 
benzenesulfinate in anhydrous ethanol at 90° in the presence of 2,6- 


3 ona 6.8% 10 ~ sea. + (extrapolated 


lutidine are 7 x 107%, 3.7 x 107 
ea data of 0° and 25°) respectively. These rate constants are ca. 2 x 102, 
104, and 10° times faster than the rate constant for sulfur-oxygen 
bond cleavage in 2-p-nitrophenyl-2-propyl 2,6-dimethylbenzenesulfinate 
under identical conditions. Therefore, kinetic data suggest sulfur- 
oxygen bond cleavage to be unimportant for the above arenesulfinate 
esters under the conditions studied. 

Similar conclusions may be arrived at by considering the results 
of product analyses. A summary of the product runs carried out on the 
various arenesulfinate esters in anhydrous ethanol appears in Table XXXVI. 
The products of 2-p-bromophenyl-2-propyl 2,6-dimethylbenzenesulfinate and 
2-p-tolyl-2-propyl 2,6-dimethylbenzenesulfinate were the respective 
ethyl ether, olefin and sulfone. 2-p-Methoxyphenyl-2-propyl 2,6-dimethyl- 
benzenesulfinate yielded only 2-p-methoxyphenyl-2-propyl ethyl ether and 
2-p-methoxyphenyl-2-propyl 2,6-dimethylphenyl sulfone, no 2-p-methoxy- 
phenylpropene. Ethyl 2,6-dimethylbenzenesulfinate is the expected product 


from sulfur-oxygen bond cleavage in the reaction of each of the above 
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sighe- 
arenesulfinate esters in anhydrous ethanol. None of this compound was 
detected in any of the product runs listed in Table XXXVI. 
Therefore, both kinetic data and the results of product isolation 
experiments show that sulfur-oxygen bond cleavage takes place only in 


the reaction of 2-p-nitrophenyl-2-propyl 2,6-dimethylbenzenesul finate. 


Correlation of Structure and Reactivity 

The correlation of structure and reactivity has been a long 
desired aim of organic chemists. Hammett (75) found that when the 
logarithms of rates or equilibrium constants of two different reactions 
of a series of m— and p-substituted benzene derivatives were compared, 
a linear relationship existed between them. He chose the ionization of 
benzoic acids in aqueous solution at 25° as the standard reaction and 
thus obtained the relationship 


K ~0¢ 
log ™ = 
ioe 


wheres, the substituent constant, is a measure of the electron-donating 
Or electron-withdrawing ability of the substituent, and @ is the reac- 

tion constant which reflects the sensitivity of the equilibrium or rate 

constant to changes in the © value of the substituent. @ was defined 

unity for the ionizations of benzoic acids, in water at 25°. 

Hammett himself pointed out some of the limitations of the above 
relationship; it does not hold for o-substituted benzene derivatives, 
nor for aliphatic systems. Large deviations are caused by resonance 
interactions between strongly electron-donating or withdrawing substi- 
tuents and the reaction site. He suggested the use of an alternate set 


of substituent constants for use in reactions of aniline and phenol 
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=e 
derivatives. Later Taft (76) used a set of 0 -values for substituents 
capable of strong electron withdrawal. 

Brown and Okamoto (26) suggested the use of a modified Hammett 
relationship for strongly electron donating p-substituents in reactions 
where strong resonance interactions between substituent and reaction site 
may take place. They based their new scale on the solvolysis rates of 
2-phenyl-2-propyl chloride and its derivatives in 90% aqueous acetone. 
From the plot of the m-substituted 2-phenyl-2-propyl chlorides against 
the Hammett YT values, a P value of -4.62 was obtained. Using the 
modified Hammett relationship, log k/log Ko =pv" , and the P value 
of -4.62 from the rate data observed for m-substituted halides, igus 
values were calculated for the para substituents. Obviously the linear 
relationship was still maintained between the logarithm of the rate 
constants and the new vr values. 

These authors also suggested that all of the reactions of m and 
p-substituted benzene derivatives may be divided into two broad cate- 


gories, those in which the {T values are to be used, and those where 


Wecor Sat: may give a better fit. 


The above suggestions of Brown and coworkers have been criticized 
by de la Mare (77) and others. Van Bekkum, Verkade and Wepster (78) 
have shown that a great number of Q values would be required to 
correlate data where resonance interactions between substituent and 
reaction site takes place. They calculated (2 constants for several 
reactions only using @ values for substituents where large resonance 
contribution seemed unlikely. From the values of P thus obtained, in 


turn & values were calculated for each substituent which could have a 
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large resonance interaction. 

According to Brown's suggestion, the VY values obtained for any 
substituent should fall into two discrete groups, e.g., for nitro 7 
= ./78 and v = 1.2/7. The values calculated by the Dutch workers are 
Spread almost continuously from ./766 to 1.378. 


In Table XXXVIII the relationship among log kopps,, log k and 


solv. 


log k and the Q and gt values for p-substituted 2-phenyl-2- 


rear. 
propyl 2,6-dimethylbenzenesulfinates in anhydrous ethanol at 90° is 
summarized. The data are illustrated in graphical form in Figures XVI, 
XVII and XVIII. The rate constant for 2-p-methoxyphenyl-2-propyl 2,6- 
dimethylbenzenesulfinate has been extrapolated from data at O and 25°. 
It has been assumed that the same amount of rearrangement takes place at 
25 and 90° in anhydrous ethanol. 

It is readily apparent that a better correlation is obtained with 
gt than with Y values, for each of the above plots. From the slope of 


the least squares line, for log k versus qt, a p* = -3./8 is 


SOlv. 
obtained. The high negative value of @ indicates considerable rate 
acceleration by electron donating groups, and is consistent with the 
formation of carbonium ion species. This has been earlier pointed out. 
feebe Significant thaz the p* value for the rearrangement is -4.02, 
thus the rearrangement reaction to form sulfone is even more strongly 


influenced by electron donating substituents than the solvolysis, and 


both must be formed by an ionic process. 
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FIGURE XVI 
Relationship between log k,,,, and T and (+ values for the solvolysis of 


p=-substituted 2-phenyl=-2=propyl 2,6—dimethylbenzenesulfinates in anhydrous 


ethanol at 90.0°,. 
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FIGURE XVII 


Relationship between log k,,j;y, and 0 and 0+ values for the solvolysis of 
p-substituted 2-phenyl-2-propyl 2,6—dimethylbenzenesulfinates in anhydrous 


ethanol at 90.0°., 





ded 


yaa 7 






to ateyfovins wot en 





ng 


260 


=..0 


O= (+ values 


[N= ([ values 





5 0 05 
(and Tt 


FIGURE XVIII 





Relationship between log kye,r, and { and G+values for the rearrangement of 
p-substituted 2-phenyl-2—propyl 2,6—dimethylbenzenesulfinates in anhydrous 


ethanol at 90.,0°, 
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-128- 
Salt Effects 

An evaluation of salt effects on a reaction is often a powerful 
tool in the elucidation of reaction mechanisms. In the reaction of 
2-p-methoxyphenyl-2-propyl 2,6-dimethylbenzenesulfinate in anhydrous 
ethanol at 25°, addition of lithium perchlorate causes a linear accelera- 
tion of rate of the order expected for a normal salt effect. The yield 
of sulfone is somewhat reduced. It is possible that the salt promoted 
ionization gives rise to a different ratio of solvolysis to rearrangement 
product;r thus! a reduced» amount of sulfone is isolated (5; 79). 

The addition of tetrabutylammonium 2,6-dimethylbenzenesulfinate 
does not cause common ion rate depression, and the same amount of 
2-p-methoxyphenyl-2-propyl 2,6-dimethylphenyl sulfone is formed as in the 
absence of added salt. If sulfone were formed by an intermolecular 
pathway, addition of 2,6-dimethylbenzenesulfinate ion would be expected 
to give rise to increased amounts of sulfone, and decreased amounts of 
solvolysis products. Thus, if the solvent and 2,6-dimethylbenzene- 
sulfinate ion were competing for the same carbonium ion, an increase in 
sulfone yield would be expected on addition of 2,6-dimethylbenzene- 
sulfinate. Since no change in sulfone yield is discernible, sulfone is 
not formed from free ions. 

Solvolysis of 2-p-methoxyphenyl-2-propyl bromide in anhydrous 
ethanol at 25° in the presence of tetrabutylammonium 2,6-dimethylbenzene- 
Sulf inate yielded at most 1.1% sulfone. Both 2-p-methoxyphenyl-2- 
propyl bromide and 2-p-methoxyphenyl-2-propyl 2,6-dimethylbenzenesul- 
finate yield the same cation on ionization. If the ionization of the two 


Species give the same relative amounts of ion pairs and free ions, and 
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=| 29= 
sulfone is produced exclusively from free ions, the same amount of 
sulfone should result from each. Since, in the solvolysis of the 
bromide, a maximum of 1.1% sulfone was obtained, these results indicate 
that the major portion of the sulfone does not arise from dissociated 
ions. 

Reaction of the arenesulfinate ester in the presence of tetrabutyl- 
ammonium 4-methylbenzenesulfinate, showed no significant change in 
product formation. If exchange between the ion pair species and the 
quaternary salt had taken place, 2-p-methoxyphenyl-2-propyl 4-methyl- 
phenyl sulfone should have also been formed. From an examination of 
the n.m.r. spectrum of the reaction mixture no more than one per cent 
(absolute) of 2-p-methoxyphenyl-2-propyl 4-methylphenyl sulfone was 
formed. Therefore, no significant amount of exchange takes place in 
sulfone formation. 

Since neither common ion rate depression nor exchange is 
observed, sulfone formation must take place by ion pair return (4). 

Ion pair return with arenesulfinate esters results in a rearrangement of 
the anionic portion of the molecule. This process is similar to randomi- 
zation of the carboxylate oxygen atoms in p-nitrobenzoates (11) and the 
thionbenzoate-thiolbenzoate rearrangement (13). The latter two reactions, 
however, involve a 1,3 shift of the cationic portion of the molecule, 
while the arenesulfinate ester-sulfone rearrangement consists of a 1,2 
enift. 

Additional information is obtained from the results of the solvoly- 
Sis of 2-p-methoxyphenyl-2-propyl 2,6-dimethylbenzenesulfinate in anhy- 


drous ethanol in the presence of tetrabutylammonium azide. As shown in 






























to tovome omez off ,enol sag? mor? ylevieuloxe be: 
eit to elev laviog ‘ont ni ,eonte tose mor? tivaer b 
stevibal eslueer seat - banietde sew siotlva KL. desumiine | 


ar ass 


betslooceth mort eelwe fon ae6h snotloe eft to vetton votem tm 
-[vjudec#s? lo sohszerq of? ni getee soanitioseners od? Yo nodtoseh oe 
if speeds Jasortingla on Sewsre (stent iuesnssied Lydzom=b-ay, - 

ait bes esdoeye rteq nok ont neswisd epnefoxe TD. snobtamck ob 
-lyrtane? [yqo<qet -Lynedtayxon3 wages sa6iq nedet bed + lee 





Holtenimexe a6 mOva > -bemypot aged cade eved 6 juona enotive lyne 
99 ~3q 910 cet? evom on exudein nolsoser edd Yo anord2ege 
Zew enc} luc t vivant Lyqorva-S-Lynerqyxoddemg-S to . 
at soslq efist sotetons 46 faves sugodtingke om yoroteredt 

af sprstave ton coleeenqeb afer not, noms red Len eshte) 
.(h) atprer tlsq nel yd so6lq eet teum nobyemrok ened 


= 


ine 


to fashecoat 8s7 4 OL et leeet axetes, ean? ueenets seach 
~imonner of 1slimie ef ea9ceeQ@ @EMT ..eivgedomeends 20 Nolis 


soe al At 


ut te 
ej one (11) esteosnedertineg ab amare disgyad memati ols 
; = 
enoticess owt vette: edt ,(60) doginpnaarees etposnedfoini= a 
i _ 

iuasiom edt to .eii+0q adneheee ent to siinde Ev 6 svifo nagt® : 

Si 6 to etelenss inewegnertse® enol ivestedee ef anki lo > 9! 

alt pa eS 

-vylovioe ant? bo ativzer sit moe} bentatdo gt 
avins al saeiltlazenayiedlyAtenibpe a f 


ni nwore 8A obise auimomnd. 


-130- 
Table XXVIII addition of the quaternary azide causes a decrease in the 
amount of solvolysis and rearrangement products formed, and the produc- 
tion of 2-p-methoxyphenyl-2-propyl azide. The effect of azide ion may 
be within experimental error the same on both solvolysis and rearrange- 
ment (Table XXVIII). 2-p-Methoxyphenyl-2-propyl azide may be formed 
by a direct displacement of sulfinate ion by azide ion, or by reaction 
of azide ion with carbonium ion or ion pair species. If a displacement 
reaction were taking place, an increase in the concentration of added 
azide ion would be expected to give rise to an increase in the rate of 
reaction. However, the rate constants observed remain constant on 
changing the azide concentration from zero to ca. .3 M. Therefore, 
a displacement reaction does not occur, and the 2-p-methoxyphenyl-2- 


propyl azide must be formed by trapping of ionic species. 


We may now set up a reaction scheme as follows: 


e ) ke bd 
Ester a ( Intermediate ) Azide 
ks ae i eee 
Sulfone Solvolysis Products 


Sn 





Here ke represents the formation of solvolysis products and 
sulfone by all other paths than through an intermediate, which is capable 


of being trapped. 
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Applying the steady state approximation: 


-d [ester] ky ky [Ester] 
——————— = ky [ Ester] + ks [Ester - 


at ky tky tk +k [| 


a [ azide] ky [¥5_| [ zster | 
at 


ky + Ko + Kg. + ky [x3] 


a a [Products] _ 4 [Ester | (k, + ky ) 


a eee Pes Ee] + Ke [ Ester | 


[Proauct] The) ks (kg + kp + ky + k, [15 ]) 


+ 


ew] 3D] 4% [5] 


[azide] 
If we define F 


azide [Azide]+ [Products | 


- kp + kg + x, [N5 | : Rky (ky + ko + ky + x, [15 ]) 


Fazide aT [x5 | ke ky, [NS | 


and ke = R ky 


then 





_ (kp + iy + iy [Ny ]) 1+R) R ky 


Ky [*5 ] * D5] 


off [+ 
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k, [5 ] 


Thus, a plot of 1/ Fyzigq against 1/[Nj] will yield a 


R( ky + ko + k3 ) + ko + k3 
straight line with slope ———-————_____-__________= 


i 
and intercept (R+tl1). 


Such a plot is given in Figure XIX. The intercept ( least squares ) 
is .94 or, within experimental error, onee Thus the value of R must be 
equal to zeroe Therefore, all of the sulfone and the solvolysis product 
are formed by an ionic pathway, and in principle, they are capable of 
being trapped completely at sufficiently high azide concentration. 

If the effect of azide ion is , in fact, identical on both solvolysis 
and rearrangement products, then a single common intermediate is the 
precursor for both solvolysis and rearrangement. It has been shown earlier 
that sulfone arises by ion pair return, therefore solvolysis product as 
well must originate from an ion pair. The following mechanism (Equation II-1) 
for the solvolysis and rearrangement of 2-p-methoxyphenyl=-2=propyl 
2,6=-dimethylbenzenesulfinate in anhydrous ethanol would be consistent with 


these assumptions. 
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Ar, SO, OR ~————= > sr, SOQ” RR (II-1) 


a 
Solvolysis Product 


If, however, the solvolysis product is more effectively trapped 
than sulfone, a portion of the solvolysis product may arise from 
dissociated ions, which cannot return to form a significant amount of 
sulfones This is shown in Equation II~2, below: In this situation, the 
relative amounts of solvolysis product arising from ion pairs and 


dissociated ions are unknown. 


Ary SO, OR === ar. SQQ7 R* =" ar. 805 + Sst 


pag eA (II-2) 


Solvolysis Product 


We may now consider the effect of added azide ion on the reaction 
of 2-phenyl-2—propyl 2,6=dimethylbenzenesulfinate in anhydrous ethanol . 
Due to the small amount of rearrangement observed (9.5 + 1.0%), the 
amounts of sulfone measured in the presence of azide ion are subject 
to relatively large errors. Thus it is difficult to decide whether the 
decrease in yield of sulfone on addition of azide ion is real, or due 


to experimental error. 
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FIGURE XIX 


Kelationship between the inverse fraction of 2-p-methoxyphenyl-2-propyl 


azide formed and the inverse concentration of tetrabutylammonium azide 


added in anhydrous ethanol at 25.0%. 
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In Figure XX, a plot of inverse fraction of 2-phenyl=-2-propyl 
aZide formed against the inverse concentration of tetrabutylammonium 
azide added is given. An intercept of 2.4 is obtained in the above relation- 
ship. Let us consider the same scheme for the reaction of this arene- 
sulfinate ester, as has been done far 2=p=methoxyphenyl=2=propyl 2,6-di- 
methylbenzenesulfinate on page 130. From the value of the intercept, 
ks = 1.4 kj and the maximum amount of products trapped by azide ion is 
42% at infinitely high azide ion concentration, 

If the lower amounts of sulfone isolated in the reaction of the 
arenesulfinate ester in the presence of azide ion are due to experimental 
error, then none of the carbonium ion leading to the formation of 
2-phenyl-2-propyl 2,6-dimethylphenyl sulfone is trapped by azide ion. 

Thus, sulfone would originate exclusively from an ion pair which is not 
capable of being trapped. The solvolysis products are only trapped in 
part. A maximum of 42 per cent of the products would be trapped at 
infinitely high azide ion concentration. The remaining 48 per cent of 

the reaction which gives rise to solvolysis products must come from a 
species which cannot be trapped by azide ion. At least one of these species 
must be an ion pair, while the other may be an ion pair or dissociated ions 
or both. Thus, with this assumption, the minimum kinetic scheme outlined 


in Equation II-3 , below, results. 


$ 
f 0 
Ar. SO. OR === Ar. SQ” RY ———>( ar. SOD + EF) 


pl eae 


Solvolysis Products (11-3) 
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Relationship between the inverse fraction of 2=phenyl=2-propyl azide 
formed and the inverse concentration of tetrabutylammonium azide 


added in anhydrous ethanol at 90,0°. 
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In the above scheme, Ar, SO,” R* isa non=-capturable ion pair, 
and ( Ar, SO> + R* ) is a capturable intermediate, which may either 
be a solvent separated ion pair, or dissociated ions or both, 

If the change in the amount of sulfone isolated in the presence of 
azide ion is real ( 9.5% in the absence of azide ion, 7.1% in the presence 
of .3 M azide ion), then a portion of the sulfone is trapped by azide ion, 
while the major portion is not. The minimum modification to Equation II-3 
is the inclusion of a route for sulfone formation which can be intercepted 
by azide ion. This is illustrated in Equation II-4. Both of these schemes 
have been written with the same non-capturable intermediate giving rise 
to both sulfone and solvolysis products. These species may not be identical, 
but we have no evidence on this question, 

In any case, any scheme which is written requires that a substantial 
portion of solvolysis products originate from an intermediate which cannot 
be trapped, and must be an ion pair species. This is an unequivocal demon- 
stration of a reaction in which solvolysis products arise directly from 


an ion pair, 


O< 12 SO 


Are = 
Ar. SO. OR ee Ay, S0.~ ne ———— Ar. SOo™ + a 


eter 


Solvolysis Products 


( II-4) 


‘~ttey coi eldewtqaoened-2 et “R “02 Psy eneting evods edd a) 
“08 ot 
.djod 10 aot bedstoonekh to ,ttaq mot bedatages saovion # 

to esnenerq edt uk. bodaicat enod.Lue: to éavoum edd at opmado. ed? = 
eoseess( odd af RL.) .wot ebbse Yo eomeeds odd at x2. ) foes at apt 
aol ebies ys beggatt at eactiwe edé Yo aokitoq » oedd (mob ebtas ME, 
— aolvaupt of sotésotifbom auatntm ed? Jon ak achivog totem oid 
betgeotedat 9d neo dotdw moftamrct emotive 10% edsot » To aelenlont edd 





tadiie yas dolew .edatbewrednt oldamdgqso a ek ( ‘1 + 


) 


Sn9nhses eaard “0 sod oh TI nolsaupal ot beta téenlit al elidT ettol obisa t 


satt anivig eisibesrretrt oldemdgqes-aom emee edd diiw aeisiiw used 


[aotamebt ed don yeu estoege eaedl .adowbotq ealeylovios bas enotive died 


soitaenp abd? ao sonpblye on svat ew 
(vtdastedv¥a a Jedd aerttoea nedéitw at doidw eweoe Wis .easo Yis at 
tootao doidw efetbewredad aa sot? etaabgito adewbotq ateylovios to 


4 7 a 
-comeb Lecoviupeny aa ei ald! .getsege thsq aol aged sama bas ,beqgatd of 


wor? vidoetibs eaits ddouborq slaylovies dotdw al aoldoast s to! 
ata oot 
i = ‘ 


i~o— «ta 


eo, 
yd ~AY 


( "A + “a0 "tA ) gg ae "63 2 > 50 -08 


atoubord aterlowloe 


Seer” 


(i-Tt 




















BA; 


’ S 
a 


-138- 

The results at hand show that substantial amount of ion pair 
return takes place to the sulfur atom to form 2-phenyl-2-propyl and 
2-p-me thoxyphenyl-2-propyl 2,6-dimethylphenyl sulfones. We have no 
data available on the extent of return to oxygen, to reform starting 
arenesulfinate ester. 

McLaren (24) has studied the solvolysis and rearrangement of 
A-phenylethyl 2,6-dimethylbenzenesulfinate. Since the above molecule 
contains two asymmetric centers, (sulfur atom and methine carbon atom), 
it can exist in two diastereomeric forms. The two diastereomers can be 
distinguished by means of their n.m.r. spectra. When solvolysis of the 
pure diastereomer in 80% ethanol was carried to 50 per cent completion, 
and the arenesulfinate ester isolated, some of the other diastereomer 
was found to be present. These results indicate substantial return to 
oxygen. 


In the case of the 2-aryl-2-propyl 2,6-dimethylbenzenesulfinate 
18 labelling of the arenesulfinate ester may provide a minimum estimate 
of the return to oxygen, by examining the amount of dei scrambled in the 
Starting material after a specified time. It is not known whether the 
two oxygen atoms of the arenesulfinate ester ion pair are equivalent. 
If the two oxygen atoms were equivalent, return to each oxygen would 
be equally probable. If this is true, one can gauge the ionization 
rate, by the sum of the rates solvolysis, sulfone formation and 185 
Scrambling. On the other hand, if the two oxygen atoms in the sulfinate 
ion of an ion pair are not equivalent, the amount of ion pair return 


to give the starting arenesulfinate ester might be quite high. In 


such a situation the ionization rate would be significantly higher than 
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the sum of the rates of solvolysis, sulfone formation and 18 exchange. 


Comparison of Sulfone Yields Obtained from Various Arenesulfinate Esters 

In Table XXXIX a summary of sulfone yields of various arene- 
sulfinate esters is given. We can first compare systems with constant 
steric requirement but of different carbonium ion stability. If 2-p- 
nitrophenyl-2-propyl 2,6-dimethylbenzenesulfinate is excluded, the 
sulfone yields of the p-substituted 2-phenyl-2-propyl 2,6-dimethyl- 
benzenesulfinates vary from 9 to 21%. Electron donating groups give 
rise to higher percentage sulfone values than electron withdrawing 
groups. Thus, 2-p-methoxyphenyl-2-propyl 2,6-dimethylbenzenesulfinate 
gives more than twice as much sulfone as 2-phenyl-2-propyl 2,6-dimethyl- 
benzenesulfinate in anhydrous ethanol at 25°. Therefore, when steric 
requirements are held constant, the more stable carbonium ion gives rise 
to higher amounts of sulfone. 

In a comparison of the different arenesulfinate esters with 
approximately the same carbonium ion stability, but of different 
steric requirements, the amount of sulfone formed decreases in the 
order benzhydryl > 2-pheny1-2-propyl >; X-phenylethyl> t-butyl (Table 
XXXIX). Since the electronic effect of two methyl groups should be 
roughly equivalent to a phenyl group, one would expect the same amount 
of sulfone to be formed from benzhydryl and 2-phenyl-2-propyl 2,6-di- 
methylbenzenesulfinate, provided electronic effects only influence 
sulfone formation. Instead, 2-phenyl-2-propyl 2,6-dimethylbenzene- 
sulfinate in anhydrous ethanol yields 9.5% sulfone, while benzhydryl 
2,6-dimethylbenzenesulfinate under the same conditions gives rise to 


35% sulfone. Thus, the steric effect of the methyl groups in 
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2-phenyl-2-propyl 2,6-dimethylbenzenesulfinate must diminish the amount 
of sulfone formed. Similar conclusions may be arrived at by comparing 
the amount of sulfone formed from &-phenylethyl and t-butyl 
2,6-dimethylbenzenesulfinate. Both arenesulfinate esters should give 
rise to carbonium ions of comparable stability, but of different 
steric requirements. Once again, smaller amount of sulfone results 
from the carbonium ion of greater steric requirements. 

On the basis of carbonium ion stability, one would expect more 
sulfone to be formed from 2—phenyl-2-propyl 2,6-dimethylbenzenesulfinate 
than from X-phenylethyl 2,6-dimethylbenzenesulfinate. This expecta- 
tion is borne out by the experimental results. However, substitution 
by the p-methoxy group causes the sulfone yield to change from 5 to 
27% with &-phenylethyl 2,6-dimethylbenzenesulfinate, and from 9 to 20% 
with 2-phenyl-2-propyl 2,6-dimethylbenzenesulfinate. Thus, once more 
steric effects become pronounced, and retard the sulfone formation in 
the case of 2-p-methoxyphenyl-2-propyl 2,6-dimethylbenzenesulfinate. 
Therefore, both steric and electronic considerations influence the amount 
of sulfone obtained in the reaction of the corresponding arenesulfinate 


ester. 
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EXPERIMENTAL 


Physical measurements 

Melting points were measured on a Herschberg melting point appa- 
ratus, using a set of Anschutz thermometers, which were calibrated against 
N.B.S. melting point standards. The melting points reported are corrected 
values. 

Refractive indices were obtained on a Bausch & Lomb, Abbe-3L 
Refractometer, thermostated at 25°, 

Infrared spectra were recorded on Perkin Elmer Recording Infrared 
Spectrophotometers, Models 21, 221G and 421, using sealed sodium chloride 
cells. The Model 21 was used for all kinetic measurements, except on the 
2-p=-methoxyphenyl=-2=propyl system, where Model 421 was employed. The 
transmittance due to 2=p-methoxyphenyl=-2-propyl 2,6-dimethylphenyl 
sulfone was measured at 660 on, » where the Model 42] has much higher 
sensitivity, 

Nuclear magnetic resonance spectra were recorded on a Varian 
Analytical Spectrophotometer Model A-60 and HR-100, 

For gas chromatography, a Perkin Elmer Model 154D Vapor Fracto- 


meter was used, 


SOLVENTS 
Ethyl alcohol 

Anhydrous ethanol was prepared by treatment of 95% ethanol with 
calcium oxide lumps, followed by reaction with magnesium turnings according 


to the method of Lund and Bjerrum (64). Karl Fischer titration of various 
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batches showed no more than .004% water, 


Dioxane 
Anhydrous dioxane was prepared by the method of Fieser (65), and 
stored over cleaned sodium. Karl Fischer titration of the purified ma- 


terial showed the presence of less than .005% water, 


Acetic Acid 
Acetic acid, .1 Min acetic anhydride, was prepared according to 


the procedure of Fainberg and Winstein (51). 


Pentane 
Phillips Petroleum technical grade pentane was refluxed for 12 


hours with and distilled from phosphorous pentoxide. 


Diethyl Ether 
Mallinckrodt AR anhydrous ether was used. 


Mixed Solvents 

Aqueous ethanol and dioxane solutions were prepared by mixing of 
appropiate volumes of solvent and boiled, distilled water as measured by 
automatic pipette at 25°. The composition of mixtures recorded is volume 
per cent, e.ge 80% ethanol means four volumes of anhydrous ethanol mixed 


with one volume of distilled water. 


Standard Base 
A sodium methoxide solution was prepared by the addition of the 
appropiate amount of freshly cleaned sodium to 4 liters of Fisher anhydrous 


methanol. The resultant solution was standardized against B.D.H. primary 
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-~143= 
standard potassium hydrogen phthalate, using phenolphthalein as indicator. 
The solution was kept in a dark, tightly-stoppered bottle and showed no 


change in titer during four years of use, 


2,6-Lutidine 

Fastman practical grade 2,6-lutidine was dried over potassium hydro- 
xide, followed by refluxing with and distillation from barium oxide. The 
center cut, beps 139=140°(695 mn.); no? 1.4954, was stored in a dark 
bottle over potassium hydroxide. Reported (66) bsp. 143°(760 mm), 


ne? 1.49536 


idin 
Eastman White Label (for Karl Fischer titrations) pyridine was 


stored over potassium hydroxide in a dark bottle. 


2-Phenyl=-2=propanol 

In a two-liter, three-necked flask equipped with stirrer, condenser 
and dropping funnel, were placed 34-0 gse(1-41 moles) of magnesium ribbon and 
300 ml. of ether. A solution of 200 g. (1.42 moles) of methyl iodide in 
350 mle of ethyl ether was added at such a rate as to maintain gentle 
refluxing. After the addition of the methyl iodide, the dark reaction 
mixture was cooled to 0° and a solution of 120 g. (1.0 mole) of acetophenone 
in 300 mle of ether was slowly added. At the completion of the addition, 
the reaction mixture was allowed to warm to room temperature and 225 ml. 
of saturated ammonium chloride solution was added slowly, vigorous 
stirring being maintained. The ether solution was decanted, and the solid 
washed three times with 100 mle portions of ethyl ether. The combined 


ether solutions were washed twice with 10% sodium carbonate solution, 





















eTotaoliat as mheladtdiglonerdq yates vetalaide seperti, = 
on bewode bag efttod heieqqotengitiyt? gitab « ak syed aa snbduton 0 
sear to freee ont ee ane 


r Sn 
_ 7 naa) BY 


¢ ij ia 


~ortd mifessiog seve Beith aaw sal bloated S ehatg ——— a 
ad! .obtxo muttad govt aotielitveth bas détw gahorlier yd bewollot .ehkt 
insh # ak betete ssw .A2ei.l “fA (mm 200) °OAL-REL aged « | 

emir COPPELL equd - (38) sani ohixorbyd sutssatog Tevo.e 


asy enthixyq (anotdewss tedoatt Jxel202) latahettioneiaal 
,eiided tasb @ at ebtmorbyt euienasog’s6¥6 ib 


% 


feaseiuon ,teTtita ddiv heqqlvps toelt bedsensesid? ptedii-ovt's at _ 





fas aoddix mutaangam ‘to (eelom Li.f)eg Onde Beoelq etew aon, ago 

at ebtbot (yitem to (aelom Si.f) sg OO8 To aobsnion A conibn in 0 

eline, obetaies o2 as edet s dome ge bobba -cav todie fy ve 
catsosos Axed eft ,obthol iyitea edd to sabsibbe odd 2 

enouedgedeon to (elon O.£) og OL Yo. cotsutoe 6 has 00 of beloeo 0 

<olttbhe edd to actislqnos eff SA Seba viwis we sate 2 

ofm ans fon erteveqee) acon of ana Of Bevalia. sav ora 8 

avotogiy ,viwole bhebba sew aolteloa wage oi 

Stiou edd tun ybotneceh av aatinlow tedse eff ol 

Seatiano eft viedo Lyste to aaotsaog sia 0 





Kid: 
mene 


: (ee 


5 
_ ’ : , 7 
j a 
is al 
[ 
- a . 
4 oad ee 
he =a Pj a ns 


mae ver: ' 
a ip 








~lLiL= 


followed by eight washings with water. The solution was dried over potassium 
carbonate, the ether removed at the aspirator and the residual pale-yellow 
solution distilled at reduced pressure under nitrogen to give 90. g.(68%) 

of a clear-white liquid, b.p. 68~70° (4.2 mm.); ng? 1.5188, reported (52) 
bepe 94° (13 mm). Infrared (CS>) : 3580, 3480, 1025, 945, 

758, 690 cme; nemere (CSo) + 300 (m), 6.75 (8), 8.657 (s), ratio: 

531:6; (calculated ratio: 5:1:6). The following abbreviations are used in 

the description of n.m.r. spectra: "m" for multiplet, "s" for singlet, 


"qd" for doublet, "t" for triplet and "q" for quartet. 


2-p-Bromophenyl-2-propanol 


This compound was prepared by the reaction of p-bromoacetophenone 
with methylmagnesium iodide in 80% yield; b.p. 104—107° (1.6 mm.); mepe 
45-46° (reported (53) mp. 45.6°). Infrared (CS) : 3580, 1000, 945, 
820, 810, 725 Suan; nom.re (CS) : 320 (m), 6.75 (s), 8.65) (s), ratio: 


4:1:6 (calculated ratio: 4:1:6). 


2-p-Tolyl-2-propanol 
The reaction of p-methylacetophenone and methylmagnesium iodide 


yielded the desired alcohol in 71% yield; b.p. 70-720 (2 mm.)3 np? 1.5168; 
(reported (39) b.p. 101° (10 mm), ng? 1.5180). Infrared (CS2) : 3580, 
3480, 1015, 945, 810, 720 om. !; nmr. (CS5) : 3.0 (q), 6.82 (s), 7-80 
(s), 8.659 (s), ratio: 4:1:3:6 (calculated ratio: 4:1:3:6). 


2-p-Methoxyphenyl-2-propanol 
This compound was prepared by the reaction between p-methoxyphenyl- 


Magnesium bromide and acetone, keeping the temperature of the mixture at 
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all times below 0°, The desired alcohol was obtained in 45% yield; b.p. 
110-112° (4,3 mms); nf? 1.5270 (reported (54) bsp. 122° (13 mms).). 
Infrared (CS2) : 3580, 3480, 2830, 1240, 1032, 945, 825 cme; nem, 
(CC1,) 3.1 (m), 6.35 (s), 7.21 (s), 8.659) (s) ratio: 4:3:1:6 (calcu- 
lated ratio: 4:3:1:6 ). 


3—Pheny1~3-pentanol 

The reaction of diethyl ketone and phenylmagnesium bromide 
afforded the desired compound in 85% yield; bsp. 64-669 (1.2 mm); 
n? 1.5141 (reported (56) b.p. 109° (15 mm.); no? 1.5165 ). Infrared 
(CS.) : 3595, 955, 750, 692 om. 2; neM.re (CS5) : 2.85 (m), 7.95 (s), 
8.25 (q), 9430] (t), ratios 4:1:4:6 (calculated ratio: 4:1:4:6 ). 


2-p=-Nitrophenyl=-2=propanol 

A mixture of 85 g. of concentrated nitric acid and 115 g. of 
concentrated sulfuric acid was added slowly to a vigorously stirred 
solution of 100 g. (.84 mole) of 2-phenylpropane in a one-liter 
Erlenmeyer flask, the temperature being maintained between 45~50°, 
The reaction mixture was allowed to stand for two hours after the com- 
pletion of acid addition and then poured onto one liter of ice-water. 
The organic phase was separated , and washed twice with 100 ml. portions 
of water, three times with 50 ml. portions of 5% sodium carbonate solution, 
followed by 50 ml. of water. The pale-yellow liquid was dried over 
Magnesium sulfate, filtered, and fractionally distilled to give a 
center cut, 76 ge, bep» 100-118° (6,0-7.5 mm.), which was a mixture of 
2~(p-nitrophenyl)propane and 2-(o-nitrophenyl) propane. 


A mixture of 2-(p-nitrophenyl)propane and 2-(o9-nitrophenyl)propane 
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(92 ¢.) was dissolved in a solution of 350 ml. of acetic acid and 325 mle 
of acetic anhydride. Chromium trioxide (45 g.) was added in small portions 
over a period of five hours, while the temperature was maintained between 
25=35°. The solution was poured onto ice-water, 250 g. of sodium carbonate 
was added and the solution stirred overnight. The resultant solution was 
extracted three times with ether and the ether extracts washed successive- 
ly with water, 10% sodium carbonate solution and water. The ether was 
removed at the aspirator and the residue steamdistilled. The 34 gs quantity 
of steam-volatile material consisted mainly of unchanged 2-(p-nitrophenyl)- 
propane and 2=(o-nitrophenyl)propane. To the steam-nonvolatile material 
ethyl ether was added, the ether layer was separated and dried over mag- 
nesium sulfate. The ether solution was filtered and the solvent removed 

at the aspirator. The residue (43 g.) was chromatographed over 1.5 kg. of 
Harshaw (AL-0109P/580-003=45) alumina. Elution with 20% ether-pentane 
yielded 2.0 ge of unidentified material; with 30% ether-pentane 2.9 ge 

of 2-p=-nitrophenyl-2=propyl acetate; with 40% ether-pentane 8.4 g. of 
p-nitroacetophenone; with 100% ether 28.2 g. of 2-p-nitrophenyl-2-propanol. 
ns? 1.5530 (reported (55) nl? 1.5552). Infrared (CCl,) + 3618, 3608, 1525, 
1350, 960, 760 om.?; NeMeDe (CS.) : 204 (m), 8655 (s), 8.631 (s), ratio: 


4:6:1 (calculated ratio: 4:6:1). 


2-Phenylpropene 
2=Phenyl-2-propanol ( 18 ge, «132 mole) was heated overnight on a 


steam bath with 6 ml. of 85% phosphoric acid. The reaction mixture was 
poured onto 100 g. of ice-water and 100 ml. of ethers The ether layer was 


washed three times with water, twice with 10% sodium carbonate solution, 
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followed by two further washings with water, and dried over magnesium 
sulfate. After filtration, the ether was removed on the steam bath and 
distillation of the pale-yellow oil yielded 9.31 ge (60%) of 2-phenyl- 
propene; bepe 50-52°( 12 mn.); pie 1.5354 (reported (57) bepe 54=55° 
(14 mms); np° 1.5384). Infrared (neat) : 1720, 1625, 1600, 1500, 1280, 
1115, 1040, 895, 780, 770, 700 om.7/; nvm. (neat) : 2.7 \m), 4.76 and 


5.00 (m), 8.0 (a), ratio: 5:2:3 (calculated ratio: 5:2:3). 


2-p-Bromophenylpropene 

2-p=Bromophenyl=2=propanol (6.2 ge, -0O2%9 mole) was heated overnight 
in a 90° constant temperature bath with 1 ml. of 85% phosphoric acid. The 
method of isolation of the compound was the same as that used for the 
preparation of 2=-phenylpropene, The required olefin ( 1.27 ge, 21% ) was 
obtained, bsp. 64-66°(2.1 mm.); né? 1.5798 (reported (59) bsps 110°(11 mm.), 
no? 1.5835; and (60) b.ps 58-60°(1,8 mm.), np’ 1.5778). Infrared (CCl,) : 
1480, 1120, 1070, 890 cm. 2; nemere (COL,) + 267 (m), 4670 and 4.95 (mm), 


7.9 J (d), ratio: 4:2:3 (calculated ratio: 4:2:3)+ 


2-p=Tolylpropene 
2=p=Tolyl-2-propanol (11 ge, 073 mole) was heated for three hours 


on the steam bath in the presence of 3 ml. of 85% phosphoric acid, The me- 
thod of isolation of the compound was the same as that used for the prepa- 
ration of 2-phenylpropene. The required olefin (3.04 ge, 14% ) was obtained, 
bsp» 57-589 (5 mm.), no? 1.5331 (reported (61) bepe 59° (5 mm), nf? 1.5350). 
Infrared (CCl,) : 1625, 1510, 1370, 890 om."+ ; n.msr. (CCly) + 2.9 (um), 

4e75 and 5.10 (m), 7.75 (s), 7:95. (a), ratio: 4:2:3:3 (calculated ratio: 
4323323) 6 
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2-p-Methoxyphenylpropene 

2-p~Methoxyphenyl-2=propanol (3.3 ge, «02 mole) was heated for three 
minutes on the steam bath with 1 ml, of concentrated sulfuric acide The 
method of isolation of the compound was the same as that used for the pre- 
paration of 2-phenylpropene. The required olefin ( .92 ge, 31% ) was ob- 
tained, b.p. 72-749 \S ma.); mp. 31-339 (reported (62) bsp. 6320-63.5° 
( .5 mm); mp. 34°). Infrared (CS) : 2820, 1240, 1170, 1030, 875, 825 cm.~; 
neMePs (CC1,) : 3.0 (m), 4.8 and 5.1 (m), 6.35 (s), 7.95! (d), ratio:4:2:3:3 
(calculated ratio: 4:2:3:3). 


2-Phenyl-2-propyl ethyl ether 

2-Phenyl-2=propanol ( 9.8 gs, .072 mole) and 90 ml. of anhydrous 
ethanol were stirred overnight at room temperature in the presence of 2.5 ml. of 
concentrated sulfuric acid. The reaction mixture was poured onto ice-water 
and extracted with ether. The ether solution was washed with water, 104% 
sodium carbonate solution and dried over magnesium sulfate. After filtration, 
the ether was removed on the steam bath and the residual liquid distilled 
to yield 5.04 ge (42%) of colorless liquid, b.p. 70-720 ( 8 mm,);n§? 1.4915 
(reported (58) Depo 48e0-4905° (2.5 mma); ore 1.491). Infrared ( CC1, ) : 
1445, 1270, 1170, 1120, 1075, 1040, 965, 695 aig? Ns Mele (CCL, ): Zel (Mm); 


6.85 (q), 855 (s), 8.90] (t),ratio: 5:2:6:3 (calculated ratio: 5:2:6:3). 


2-p-Bromophenyl-2-propyl ethyl ether 
A solution of 10 g. (.0465 mole) of 2-p-bromophenyl=2-propanol in 


75 ml. of anhydrous ethanol and 3 ml. of concentrated sulfuric acid were 
allowed to react for 24 hours at 50°. The method of isolation of the compound 


was the same as that used for the preparation of 2-phenyl-2=propyl ethyl 
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ether. The clear oil ( 11.8 g.) was fractionally distilled to yield a 
center cut ( 4.07 gs, 36) bsp» 100-102 (3.5 mm); nd” 1.5278, Infrared 
(CCl,) : 1475, 1385, 1245, 1155, 1060, 1000 om, "; nemr. (CCl,) : 
2065 (m), 64685 (q)y 8-55 (s), 8.90) (t), ratio: 4:2:6:3 (calculated ratio: 
4323633) 
Analysis: Calculated for 01 ]H)50Br: C, 54.33; H, 6.22; Br, 32.87 
Found: Cy 54034; H, 6.15; Br, 33226 
54ell1 5292 

2-p-Tolyl-2-propyl ethyl ether 

A solution of 10 ge (.066 mole) of 2=p-tolyl-2-propanol in 110 ml. 
of anhydrous ethanol and 2 ml. of concentrated sulfuric acid was allowed 
to react for 16 hours at room temperature. The method of isolation of the 
compound was the same as that used for the preparation of 2=phenyl-2=propyl 
ethyl ether. A pleasant~smelling, clear oil (9.2 gs) was obtained which on 
fractional distillation gave a center cut, 4.73 ge (40%), beps 71-720 
( 3.5 mms); ne? 1.4895. Infrared (CC1,) : 1500, 1380, 1370, 1352, 1250, 
1155, 1060, 955 cme; nemere (CC1,) +2685 (m), 6.85 (a), 7-70 (s), 8.55 (s), 
8.907 (t), ratio: 4:2:3:6:3 (calculated ratio: 4:2:3:6:3). 
Analysis: Calculated for C)H),0: ©, 80.85; H, 10.18 


Found: C; 81.05; Hy pt Pe he 
814629 10.22 


2-p~Methoxyphenyl-2-propyl ethyl ether 

A solution of 4.9 ge (203 mole) of 2-p-methoxyphenyl-2-propanol in 
40 ml. of anhydrous ethanol and .5 ml. of concentrated sulfuric acid was 
allowed to react for forty minutes at room temperature. The method of iso- 


lation of the compound was the same as that used for the preparation of 
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2-phenyl-2-propyl ethyl ether. A 4.2 g. (72%) quantity of the desired ether 
was obtained. nf? 1.5017; infrared (CS,) : 1500, 1460, 1435, 1382, 1372, 
1350, 1300, 1240, 1170, 1060, 1030, 955 cm.7+; nmr. (CC1,) : 3.0 (m), 
6.32 (s), 6.88 (q), 8.58 (s), 8.927 (t), ratio: 423222633 (calculated 
ratio: 4:3:2:6:3). 
Analysis:Calculated for Cj oH 20>: Cy, 7Ae193 Hy, 9233 

Found : C, 73.923; H, 9.12 

The13 Delo 


2,6-Dimethylthiophenol 
This compound was prepared by the method of Tarbell and Fukushima 


(41) in 35% yield. Bep. 65-679 (3 mm); ni? 1.5714. Infrared (neat): 2580, 
14555 1430, 1390, 1055, 1065, 765 dntat 3 NeMeDs (cc1,) : 3.08 (s), 7.00 (s), 
7.70] (s), ratio: 3:1:6 (calculated ratio: 3:1:6). The infrared and nmr. 
spectra were superimposable upon those of an authentic sample kindly 


donated by R.A. McLarene 


2,6-Dimethylbenzenesulfinic acid 
This compound was prepared by the method of Hanke (27), A 100 g, 


quantity (.82 mole) of 2,6-dimethylaniline was dissolved in a cold solution 
of 600 ml. of water and 80 ml. of concentrated sulfuric acid in a two- 
liter Erlenmeyer flask, equipped with a stirrer. The solution was cooled 

to below 5° and a solution of 60 ge (.87 mole) of sodium nitrite in 120 ml, 
of water was added dropwise with stirring. Sulfur dioxide was bubbled 
through the solution for two hours, while the temperature was maintained 
below 5°, Copper powder (300 g.) was gradually added, while cooling and 

SQ» addition were continued for a further 30 minutes. A cold solution of 


100 ml. of concentrated sulfuric acid and 200 ml. of water was added and 
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the reaction mixture allowed to warm to room temperature. The mixture was 
filtered ( caution: 50, !), the copper mat washed with 20-30 ml, of water 
and the filtrate discarded. The copper mat was washed with 250 ml. of satu- 
rated sodium carbonate solution and the resultant oily-green filtrate 
treated with decolorizing charcoal. The clear-green solution was acidified 
with cold 50% sulfuric acid until no further precipitation of 2,6-dimethyl~ 
benzenesulfinic acid occurred, The tan-colored solid was filtered, washed 
with a little ice-cold water and dried overnight in a vacuum dessicator over 
drierite. Yield: 135 ge (80%); mp. 90-92, This material was found to be 
sufficiently pure for preparative use. For use in kinetic runs, it was twice 
recrystallized from wet ethanol, m.ps» 98-999, Neutralization equivalent: 
170.0 (calculated: 170.2); infrared (nujol) : 2480 (broad), 1450, 1050, 

995, 820, 765 eas nmr, (pyridine) : -5.65 (s), 7,18/(s),ratio: 1:6 
(calculated ratio: 1:6); n.m.r. (CH30H) : 2.85 (m), 7.35 \(s), ratio: 


1:2 (calculated ratio: 1:2), 


2-Phenyl=2-propyl 2,6-dimethylphenyl sulfone 

2=-Phenyl-2-propanol (2.5 ge, .0184 mole) and 4 gs of 2,6-dimethyl- 
benzenesulfinic acid (.0235 mole) and 2 gs of sodium formate in 100 ml.of 
88% formic acid were stirred for 70 hours at room temperature in a 125 mls 
Erlenmeyer flask. The mixture was poured into water and extracted three 
times with ether. The ether extracts were washed twice with water, five 
times with 10% sodium carbonate solution, followed by water and dried over 
Magnesium sulfate. Removal of the ether at the water aspirator left 625 gs 
of a pale<yellow solid. Recrystallization three times from ether-pentane 
afforded 2.78 ge (53%) of white needles. Mepe 152.5-153.0°; infrared (CCl,): 
1450, 1372, 1365, 1308, 1160, 1135, 1120, 1100, 1030, 690, 655, 612 cm; 
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nomM.re (CSo) : 2.8 (m), 7.92 (s), 8.30) (s), ratio: 4:3:3 (calculated 
ratio: 4:3:3). 
Analysis:Calculated for Cy7liz90,S: C, 70,80; H, 6.99; S, 11.12 
Found : C, 70.78; H, 6.83; S, 10.89 
70,61 6,87 10.61 


2-p-Tolyl-2=propyl 2,6—dimethylphenyl sulfone 
This compound was prepared in 30% yield by the procedure described 
for the preparation of 2-phenyl-2=propyl 2,6-dimethylphenyl sulfone, except 
that the reaction was allowed to proceed for 75 minutes. White needles 
were obtained; m.p. 139.5-140.0°; infrared (CS>) : 1370, 1360, 1308, 1158, 
1115, 1095, 1030, 820, 770, 648, 598 cm. 2; nemere (CS) + 301 (m)y 7.71 
(s), 7292 (s); 8.30) (s), ratio: 7:3:6:6 (calculated ratio: 7:3:6:6). 
Analysis: Calculated for C)gHo20.S : C, 71-48; H, 72333 S, 10,60 
Found : C, 7139; H, 7+393 S, 10.55 
7124 7420 10,67 


2-p~Bromophenyl 2,6-dimethylphenyl sulfone 
This compound was prepared in 26% yield by the procedure described 


for the preparation of 2-phenyl-2-propyl 2,6-dimethylphenyl sulfone, except 
that the reaction was allowed to proceed for 49 hours, White needles were 
obtained; mspe 148.7-149.0°; infrared (CS,) : 1380, 1310, 1162, 1120, 1100, 
1012, 836, 778, 668, 632 om 1; nem. (CS5): 268 (m), 7485 (s), 8.309 (s), 
ratio: 7:6:6 (calculated ratio: 7:6:6) > 

Analysis:Calculated for C,7Hj90-SBriC, 550593 Hy 52213 S, 8.733 Bry 21.76; 


Found:C, 55653 H, 5.153 S, 876; Bry 21496; 
55 he As99 
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2-p-Methoxyphenyl-2-propyl 2,6-dimethylphenyl sulfone 
This compound was prepared in 47% yield by the method described for 


the preparation of 2-phenyl=-2=propyl 2,6—dimethylphenyl sulfone, except that 
the reaction was allowed to proceed for 25 minutes. White needles were 
obtained; mp. 107.5-108.0°; infrared (CS) : 1305, 1255, 1188, 1160, 1120, 
1040, 834, 768, 660 om, ; nmr. (CS.,) ¢ 30b (apped, 308(e)y WI ts); 
8.355) (s), ratio: 7:3:6:6 (calculated ratio: 7:3:6:6). 


Analysis:Calculated for C,gH C, 67.893; H, 6.963; S, 10,07 


92°38 H 
Found «: G6; °67:923 H, 6.849 .S; 10384 
67.82 6.96 10,21 

LO. 33 


2-p-Methoxypheny1l-~2-propyl 4-methylphenyl sulfone 
This compound was prepared in 75% yield by the procedure described 


for the preparation of 2-phenyl-2-propyl 2,6—dimethylphenyl sulfone, except 
that the reaction was allowed to proceed for 30 minutes. White needles were 
obtained; mop. 120-1219; infrared (CS>) :1310, 1302, 1260, 1190, 1160, 1130, 
1080, 1040, 835, 818, 720, 680, 660, 618cm.+ ; mmere (CSp) : 2.9 (m), 


6.28 (s),7.65 (s), 80385 (3s), ratio: 8:3:3:6 (calculated ratio: 8:3:3:6). 


2-Phenyl-2-propyl 4-methylphenyl sulfone 
This compound was prepared in 65% yield by the procedure described 


for the preparation of 2-phenyl-2-propyl 2,6—dimethylphenyl sulfone, except 
that the reaction was allowed to proceed for 4 hours. White needles were 

obtained; msp. 146.5-147.2° (reported (23) meps 144-145°). Infrared (CC1,): 
1310, 1298, 1285, 1155, 1128, 1025, 690, 675 oma) NeMere (CSz): 2290 (a), 


7-66 (s),8.35 (s), ratio: 3:1:2 (calculated ratio: 3:1:2). 
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2,6-Dimethylbenzenesulfinyl chloride 

Thionyl chloride (10 g., .084 mole) and 30 ml. of pentane were 
placed in a 125 mls Erlenmeyer flask, and 9 g, (.053 mole) of 2,6-dimethyl- 
benzenesulfinic acid was added over a period of ten minutes. When the evo- 
lution of gas ceased, the solution was filtered through glass wool into a 
tared 100 ml. round bottom flask. Most of the excess pentane and thionyl 
chloride were removed at the aspirator, and the solution was pumped over- 
night at the vacuum pump. The 7.1 ge (.042 mole) of red oil (80%) obtained, 
was used immediately for the preparation of the esters, as it is very 


susceptible to hydrolysis. N.m.sr. (pyridine) : 7.401 (s). 


2-Phenyl-2=propyl 2,6—dimethylbenzenesulfinate 

2=-Phenyl-2=propanol (4.35 gs, +0325 mole) was dissolved in 30 ml, 
of anhydrous pyridine and cooled in a Dry Ice-acetone bath. A 7.1 g. 
(,042 mole) quantity of 2,6-dimethylbenzenesulfinyl chloride , dissolved 
in 30 ml. of pyridine, was added to the alcohol-pyridine mixture. An 
immediate precipitate of pyridine hydrochloride was formed. The reaction 
mixture was placed in the refrigerator, ( cae 5°), for two hours and 
then poured into a mixture of 300 ml.of water-60 ml. of hydrochloric 
acid. The resultant oily solution was twice extracted with ether. The 
combined ether extracts were washed with water, 10% sodium carbonate 
solution until the washings were colorless, and finally again with water. 
The ether solution was dried over potassium carbonate, filtered, and the 
solvent removed at the aspirator. Two recrystallizations from ether-pentane 
gave 6.2 g. (67%) of the desired product; mp. 82,5-83,.0°; infrared (CS): 


1385, 1370, 1270, 1130, 1045, 940, 840, 775, 750, 705 cm"; nemer. (CS): 
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2.9. (m) pu 7%e5Gels), Ss518.(s), 8.35) (s), ratio: 8:6:3:3 (calculated ratio: 
8:6:333)6 
Analysis:Calculated for Cy7H290.5 : C, 70.80; H, 6.99; S, 11.12 

Found : C,; 70.943 H, 736; Ss. 11.22 


71.04 7.30 11.06 
11,20 





oe mn een ae 


This compound was obtained in 38% yield by the same procedure as 
used for the preparation of 2=phenyl-2=propyl 2,6-dimethylbenzenesulfinate. 
Meps 5145-52259; infrared (CS) : 1388, 1370, 1275, 1130, 940, 848, 825, 
780, 745 a. 3 neMere (CS) : 2.9 (m), 7.55 \s), 7.71 (8), 8.17 (s), 
8.35] (s), ratio: 7:6:3:3:3 (calculated ratio: 7:6:3:3:3). 

Analysis: Calculated for CgH220>S : C, 71.48; H, 7-33; S, 10,60; 
Found : C, 71.30; H, 7.09; S, 10.513 


7114 7.18 10,68 
LO.74 


2-p=-Bromophenyl=2-propyl 2, 6-dimethylbenzenesulfinate 


This ester was prepared in 58% yield by the same procedure as used 
in the preparation of 2=phenyl-2=propyl 2,6-dimethylbenzenesulfinate. 
Mp. 85.5-86.59; infrared (CS>) : 1390, 1380, 1362, 1262, 1125, 1008, 
930, 825, 770, 750, 725, 705 eae: NsMsrs (CSo) : 209 (m), 7.58 (s);5 
8.18 (s), 8.359 (s), ratio: 7:6:3:3 (calculated ratio: 7:6:3:3). 
Analysis: Calculated for Cj7Hj902SBr: 0550593 Hy5e2l3 S,8.733 Br, 21.76; 


Found: €,55+823 H,5«38; S,8.94; Br, 21.84; 
5568 531 8,80 21.91 
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2-p- Methoxyphenyl~2-propyl 2, 6-dimethy lbenzenesulf inate 
The desired ester was prepared in 34% yield by the same procedure 

as used in the preparation of 2-phenyl-2-propyl 2, 6-dimethylbenzenesulfi- 
nates Mp» 57-589; infrared (CS5) : 1385, 1308, 1250, 1180, 1125, 1040, 
$30, 800, 775, 745 om, 7+; NsMsre (CSo and pyridine) : 6.32 (s), 7.58 (s), 
8.18 (s), 8.359 (s), ratio: 1:2:1:1 (calculated ratio: 1:2:1:1). 
Analysis: Calculated for C1gHo203S : S, 10,07; 

Found : S, 10,26; 

10,10; 


2-p-Nitrophenyl-~?-propyl ?,6-dimethyloenzenesulfinate 





This ester was obtained in 44% yield by the procedure as used in 
the preparation of 2=phenyl-*~propyl 2, 6-dimethylbenzenesulfinate, Np. 
103.5=104,0°; infrared (CS,) : 1380, 1360, 1340, 1760, 1125, 1085, 930, 
850, 835, 765, 740, 720, 700 cms; nemers (CDCLz) + 269 (m), 7442 (8), 
8,03 (s), 8-149 \s), ratio: 7:6:3:3 (calculated ratio: 7:6:3:3). 

Analysis: Calculated for Cy 7H590) SN: Cy, 61.243; H, 50743 Ny 44203 
Found: C, 60.96; H, 5.803 Ny 4,073 
61-22; 5.703 Au} 

Ethyl 2, 6-dimethylbenzenesulfinate 

This compound was prepared in 65% yield by the same procedure as 
used for the preparation of 2-phenyl-2-propyl 2, 6-dimethylbenzenesulfinate, 
It could also be obtained by attempted recrystallization of 2,6-dimethyl- 
benzenesulfinic acid from 98% ethanol. Mp» 48+5-49.5° (reported (16) mp, 
47,3-48,6°); infrared and n.m.r. spectra were superimposable upon those of 


an authentic sample kindly supplied by J.M. Noreyko. 
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Isopropyl 2,6-dimethylbenzenesulfinate 


This compound was prepared in 65% yield by the same procedure as 





used for the preparation of 2-phenyl-2=propyl 2, 6-dimethylbenzenesulfinate, 
The infrared and n.m.r. spectra were superimposable upon those of an 


authentic sample, kindly supplied by J.M. Noreyko. 


3-Phenyl-3-pentyl 2,6—dimethylbenzenesulfinate 

This ester was prepared in 43% yield by the same procedure as used 
for the preparation of 2=-phenyl-2=propyl 2,6-dimethylbenzenesulfinate, 
Mop. 68.0-69.5°; infrared (CS,) : 1390, 1135, 890, 770, 735, 695 cm.—}; 
NeMete (CS>) : 268 (m), 7.48 (8), 7-85 (m), 9.30) (m), ratio: 4:3:2:3 
(calculated ratios 4:3:2:3). 


Benzyl 2,6-dimethylbenzenesulfinate 
This ester was prepared in 48% yield by the same procedure as used 


for the preparation of 2-phenyl-2-propyl 2,6-dimethylbenzenesulfinate,. 
Mepe 43e0-44.0°; infrared (CS2) : 1375, 1135, 950, 900, 830, 770, 750, 720, 
710, 690 Shea NeMeYs (cS,) : 2.85 (m), 5611 (s), 7.527 (s), ratio: 


4:1:3 (calculated ratio: 4:1:3). 


2-Pheny]-2=propyl bromide 
A 10 ge (.084 mole) quantity of 2-phenylpropene was dissolved in 


20 ml. of methylene chlorides The solution was cooled to -20° and anhydrous 
hydrogen bromide was passed through the solution for 30 minutes. Most of 
the excess hydrogen bromide and methylene chloride was removed at the 
aspirator. The residue was pumped at the vacuum pump for about 20 minutes, 


when no further evolution of gas could be observed. no 1.5673 (reported 
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(58) np? 1,580), Molecular weipht by Volhard titration was 203.0 (calculated 
199.1, accordingly 98% purity). Infrared (CCL,) : 1490, 1445, 1382, 1365, 


1252, 1118, 1090, 690, 585 cm~+ ; nmr. (CCL): 2.65 (m), 74929 (s), 


4 
ratio: 5:6 (calculated ratio: 5:6). 


e-p-Methoxyohenyl=<=propyl bromide 

A 5 g. (,03 mole) quantity of 2-p-methoxyphenyl-2-propanol (containing 
ca, 15% of an impurity, possibly methoxybenzene) was dissolved in 20ml. of 
methylene chloride, the solution cooled to -20°,and anhydrous hydrogen 
bromide bubbled through the solution for 30 minutes. The lower aqueous 
layer was removed with a fine capillary and the solution dried over magne- 
sium sulfate for 20 minutes, The methylene chloride solution was again satu- 
rated with hydrogen bromide for 10 minutes, followed by the removal of the 
solvent and excess hydrogen bromide at the vacuum pump, Molecular weight by 
Volhard titration was 266.0 (calculated 229.1, accordingly 85.9% purity); 
ner, (CCL, ) : 2.95 (m), 6.38 (s), 7.923 (s), ratio: 4.2:3,6:6,0 (calculated 


ratio: 4:3:6). 


=Ph, —2=-propyl azid 

A 10 g, (.154 mole) quantity of sodium azide was dissolved in 40 ml, 
of water. Acetone, 120 ml., was added forming two liquid phases. A 12.4 g- 
(,062 mole) quantity of 2-phenyl-2-propyl bromide was added and the vigorous- 
ly stirred mixture allowed to stand at room temperature for two hours. The 
reaction mixture was poured into water and extracted three times with ether, 
The ether extracts were washed with water, 10% sodium carbonate solution 
and dried over potassium carbonate. After filtration, the ether was removed 


at the aspirator and 8.8 gs of pale-yellow oil resulted, which showed some 
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absorption at 3580 cu, ~ (due to 2-phenyl-2-propanol). Chromatography on 
alumina, followed by distillation gave 2.65 g. (27%) of the required azide; 
bepe 84-85° (8 mm); n6? 1.5195; infrared (CCL,) + 2100, 1490, 1382, 1362, 
1250, 1145, 1025, 690 om. 72; N.MsPs (CC1,): 2275 (m), 8459 (s), ratio: 5:6 
(calculated ratio: 5:6). 
Analysis:Calculated for CoH) Nz : C, 67405; H, 6.88; N, 26.07; 

Found : C, 67.38; Hy 6.753; Ny, 25.823 

67052 6,80 


2-p-Methoxyohenyl=-2-propyl azide 

A 403 ge (2026 mole) quantity of 2-p-methoxyphenyl-2-propanol was 
treated with anhydrous hydrogen bromide as described above. The bromide 
obtained was dissolved in 30 ml. of acetone and the solution added to 2% ml. 
of a saturated solution of sodium azide in 70% acetone. After 40 minutes, 
the reaction mixture was poured into water and extracted with ether. The 
combined ether extracts were washed with water, 10% sodium carbonate solu- 
tion and dried over magnesium sulfate. After filtration , the ether was 
removed at the aspirator to yield 5 g» of yellow oil which was distilled 
at reduced pressure to give 2,35 g. of 2-p-methoxyphenylpropene, bep. 
72=74° (5 mm,), and 1.6 g. of a red oil.» Chromatography of the red oil 
over alumina gave .850 g. (17%) of the required azide; né? 1.5312; infrared 
(CC1,) : 2100, 1600, 1500, 1455, 1360, 1295, 1240, 1172, 1138, 1030 om.*; 
NeMels (CC1,) : 3.0 (m), 6.32 (s); 8.4870 (s), ratio: 4:3:6 (calculated 
ratio: 4:3:6 ). 

Satisfactory analysis could not be obtained for this compound. 
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Lithium perchlorate 


Lithium perchlorate trihydrate (67) was quantitatively dehydrated 


in a drying pistol with phosphorous pentoxide, 


Tetrabutylammonium bromide 

1-Bromobutane (137 g., 1 mole) and tributylamine (185 g., 1 mole) 
were heated in a 500 ml. round bottom flask on the steam bath for 10 days, 
The dark-red oil was recrystallized three times from ethyl acetate to give 
179 ge (56% ) of white crystals; mp. 102,5-104.0° (reported (68) mep. 
102.7-103.5°) « 


Tetrabutylammonium perchlorate 
Silver nitrate (55 gs, .323 mole) was dissolved in 300 ml. of water, 


and 30% potassium hydroxide solution was added until the solution became 
strongly basic. The resultant black precipitate was washed by decantation 
with distilled water until it was neutral to litmus paper. The silver oxide 
was filtered and washed with a little cold water and ethanol. An 80.5 g. 
(.25 mole) quantity of tetrabutylammonium bromide was dissolved in 500 ml, 
of 60% ethanol, the freshly prepared silver oxide added, and the reaction 
mixture stirred overnight in the dark. When the solution tested negative 

to halide ion, the silver salt was filtered off, and 70% perchloric acid 
added to the solution until it was strongly acidic to litmus paper. 
Precipitation of the salt took place immediately. Recrystallization of the 
residue twice from ethyl acetate-pentane gave 77 g. (90%) of white crystals; 


Meps 212.0-212.5° (reported (6) mepse 212.0-212.5°). 


Tetrabutylammonium azide 
Tetrabutylammonium bromide ( 80,5 gs, +25 mole) was dissolved in 
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200 mle of 50% ethanol and stirred overnight with excess freshly prepared 
silver oxide. The silver halide was filtered off and the filtrate treated 
with excess hydrazoic acid until acidic to litmus paper. The pale-yellow 
solution was concentrated to 70 mle and extracted three times with chloro- 
form. Most of the chloroform was removed from the chloroform extracts at 
the aspirator. The flask containing the pale-yellow oil was placed ina 
vacuum dessicator , containing phosphorous pentoxide as dessicant, and 
evacuated until crystallization took place. The yellow solid obtained was 
recrystallized three times from purified ethyl acetate to give 63 g.(88%) 
of white, hygroscopic crystals which were stored in a vacuum dessicator 
using phosphorous pentoxide as dessicant. Infrared and n.m.sre spectra were 
superimposable upon those of an authentic sample kindly provided by 


D. Darwishe 


Tetrabutylammonium_2,6—dimethylbenzenesulfinate 
This compound was kindly donated by H. Persad. 


Tetrabutylammonium 4~methylbenzenesulfinate 
Tetrabutylammonium bromide ( 80.5 ge, »25 mole) was dissolved in 





200 ml. of 50% ethanol and treated overnight with excess silver oxide. The 
silver halide was filtered off and the solution carefully neutralized with 
p=toluenesulfinic acid (obtained from the sodium sajt) until neutral to 
litmus paper. The yellow solution was concentrated at the aspirator to 

75 mle and extracted three times with chloroform. The chloroform was removed 
from the chloroform extracts at the aspirator and the residual oil was pumped 
at the vacuum pump until crystallization occurred. The yellow solid was 


recrystallized four times from ethyl acetate-ether to give 85 ge (80%) of 













fat. 
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white, slightly hygroscopic needles. Infrared and nmr. spectra were 
superimposable upon those of an authentic sample kindly provided by D. 


Darwish, 


KINETIC MEASUREMENTS 


Procedure A 

The arenesulfinate ester, 2,6—lutidine (and salt if used) were 
accurately weighed into a 100 ml. volumetric flask, which was filled to 
the mark with the appropiate solvent and mixed well, Aliquots of the 
solution were transferred with an automatic pipette into ca. 16 partially 
drawn-out test tubes, such that each contained in excess of 5.5 ml, The 
test tubes were sealed and placed into a basket in the appropiate constant 
temperature bath, one ampoule being retained as a "blank", After three 
minutes one ampoule was withdrawn for "zero point", the reaction being 
quenched by placing the ampoule into ice-water. At appropiate time inter- 
vals further ampoules were withdrawn and quenched. Three to four ampoules 
were reserved for infinity measurements and withdrawn from the bath after 
10 half-lives or more for the reaction, After the ampoule had been equi- 
librated at 25°, it was openedand an aliquot removed by means of a 5 ml, 
calibrated automatic pipette, and delivered into a 60 ml. separatory 
funnel containing 25 ml. of pentane and 10 ml, of water. The separatory 
funnel was shaken vigorously 40 times, the aqueous layer drained and the 
pentane layer washed with a further 10 ml. of distilled water. The combined 
aqueous solutions were titrated with sodium methoxide to the pink end point 
of phenolphthalein, using 25 drops of indicator. The pentane layer was 


successively washed with 10 ml, of .1 N hydrochloric acid and three 10 ml, 
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portions of water and dried over anhydrous granular potassium carbonate, 

After drying, the solution was filtered into a 50 ml. pear-shaped flask 

and the pentane removed at the aspirator. The resultant residue was dissolved 

in 1 ml, of carbon tetrachloride, added by means of a calibrated pipette, 

The infrared spectrum of this solution was determined in a .5 mm. sodium 

chloride cell, on the Perkin Elmer Model 21 Spectrophotometer, using 

the 20 cm. per micron scale , and scanning from 1400-1250 om,7!, A 

variable spacer reference cell, previously balanced against the sample 

cell, was used to compensate for any small absorbance due to the solvent. 
The following expressions were used to calculate the first-order rate 

constants: 

Rates measured by titrimetry: 


2 « 303 (t -T,) 


k = iS) where T = the titer at time t. 








1; -T) 


Te 


Rates measured by_infrared_ spectrophotometry: 








24303 (D-D,) ; 
k= log ————== where D = optical density at 
t (D =D) time t. 
w 


Procedure B 
This procedure was employed in all runs using 2=-p-methoxyphenyl-2- 
propyl 2,6-dimethylbenzenesulfinate. It was also used in a number of runs 
on the other arenesulfinate esters. The detection of the end point is 
significantly better in this procedure than in the one previously described, 
The arenesulfinate ester, 2,6-lutidine (and salt if used) were accu- 


rately weighed into a 50 ml, volumetric flask , which was filled to the 
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mark with anhydrous ethanol, previously equilibrated to O or 25°, The 

flask was vigorously shaken, while being held in the constant temperature 
bath, to effect rapid solution. Aliquots were removed at appropriate 

time intervals with a 5 ml. calibrated automatic pipette, and delivered into 
a 25 mle Erlenmeyer flask, cooled in methanol-ice. The temperature of the 
cooling solution was not allowed to exceed -12°. The solution was titrated, 
while in the cooling bath, with sodium methoxide to the green end point of 
p-naphtholbenzein. The indicator was a .1% solution in anhydrous ethanol. 
"Infinity points" after titration were extracted as described in Procedure 
A above, to determine the amount of sulfone. Titrimetric first-order rate 


constants were calculated as above. 


Procedure C 

2-p-Nitrophenyl-2=propyl 2,6-dimethylbenzenesulfinate, .7146 ge 
(.02143 M),was weighed into a 100 ml. volumetric flask which was filled 
to the mark with anhydrous acetic acid , .0560 M in sodium acetate. The 
flask was shaken vigorously, and aliquots of the solution were distributed 
to 16 partially drawn out test tubes, such that each contained in excess 
of 565 mle The test tubes were sealed, and the ampoules were placed into 
a basket which was immersed in the 90° constant temperature bath. After 
three minutes, three ampoules were withdrawn for use as "zero points". 
At appropriate time intervals, further sets of three ampoules were with= 
drawn from the bath, and placed into an ice-water bathe Each set of three 
ampoules was equilibrated at 25°, opened, and 5 ml. aliquots removed by 
means of a calibrated automatic pipette and delivered into a 250 ml. 
separatory funnel, containing 75 mle of pentane and 30 ml. of distilled 


water. The separatory funnel was shaken 40 times, the aqueous layer 
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discarded, and the process repeated four times. The pentane layer was 
dried over anhydrous granular potassium carbonate. The solution was 
filtered into a 50 ml. pear~shaped flask and the pentane removed at the 
aspirator. 

A standard solution of ethylene carbonate in chloroform (ethanol 
free) was prepared by dissolving .2389 ge of the compound in 10 ml. of 
the solvent. Aliguots (0.5 ml.) of this solution were added to each of 
the above "flasks" , and the n.m.r. spectrum of the mixture recorded on 
the Varian Model A-60 Analytical Spectrophotometer. The rate of ester 
disappearance was followed by measurement of the band due to the aromatic 
methyl groups of the ester at 7.407 in chloroform. From the ratio of the 
integrated areas of the sample to internal standard, ethylene carbonate, 


the first-order rate constant was calculated by means of the following 





relationship: 
2303 A, where A is the area ratio of 
k = log = the ester to ethylene carbonate 
t A at time te 


In the solvolysis of the above arenesulfinate ester in anhydrous 
ethanol, the same general procedure , with the following exceptions. For 
each "kinetic point" five ampoules were removed from the bath, and in the 
extraction procedure ether instead of pentane was used. The nmr. spectra 


were recorded on the HR 100 instrument. 


Gas Chromatography 
A Perkin Elmer Model 154D Vapor Fractometer was used for the product 


analyses on the various systems. The same general procedure was followed in 
all cases, changes were made only in the column used and the operating 


temperature. 
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e-Phenyl=2-propyl system 

A series of standards containing various amounts of 2-phenylpropene, 
eephenyl-2-propyl ethyl ether and acetophenone were prepared, mixed, and 
Le? pl.ealiquots analyzed in triplicate, Column R (Ucon Oi] 550) at a 
column temperature of 170°, and a helium pressure of 25 p.Seis (gauge) 
was used, The average area ratio of olefin to acetophenone, and ether to 
acetophenone was calculated and plotted against the respective mole ratios. 


The results are given in Table X and Figure VII, 


2-p~Tolyl-2-propyl system 

A series of standards containing various amounts of ?-p-tolylpropenoe, 
2=-p-tolyl-2=propyl ethyl ether and acetophenone were prepared, mixed and 
1-2 yal. aliquots analyzed in duplicate, Column K (Carbowax 1500) at a 
column temperature of 140° , with a helium pressure of 25 p.s.i. (gauge) 
was used. The average area ratio of olefin to acetophenone, and ether to 
acetophenone was calculated and plotted against the respective mole ratios. 


These results are given in Table XXXII and Figure XV. 


2-p-Bromophenyl-2-propyl system 

A series of standards containing various amounts of 2-p-bromophenyl- 
propene, 2=p-broilophenyl-2propyi ethyl ether and acetophenone were prepared, 
mixed, and 1-2 pl. aliquots analyzed in duplicate. Column K (Carbowax 1500) 
at a temperature of 174°, and a helium pressure of 2 p.Sils (gauge) was 
usede The average area ratio of olefin to acetophenone, and ether to 


acetophenone was plotted against the respective mole ratios. The results 


are given in Table XXX and Figure XIV. 
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Control on the isolation of 2-phenyl-2-propyl 2,6—dimethylphenyl 
sulfone, 2<-phenylpropene, and 2-phenyl-2-propyl ethyl ether in anhydrous 
ethanol at 90° with added 2,6-lutidine. (Run J-238), 

2-Phenyl-2-propyl 2,6=dimethylphenyl sulfone, .0622 g.(.002156 M), 
2-phenyl-2=propyl ethyl ether, .1816 g.(.01107 M), 2-phenylpropene, .0866 g, 
(.00751 M), and 2,6~lutidine, +4728 g» (.04412 M), were weighed into a 100 ml. 
volumetric flask, which was filled to the 98 ml, mark (determined previously) 
with anhydrous ethanol.| The 98 ml. mark of the volumetric flask was found 
by filling the flask to the mark with 98% ethanol at 25°, and withdrawing 
2ml, of solvent by means of a 2 ml, measuring pipette. ) The solution was 
transferred to a 160 ml, pressure bottle, the volumetric flask rinsed 
twice with 1 ml. portions of anhydrous ethanol and the rinsings added into 
the pressure bottle. The pressure bottle was placed into the 90° constant 
temperature bath and heated for 12 hours ( cae 12 half-lives for the reac- 
tion of the ester). After cooling to room temperature, the contents of the 
flask were poured into a 11, separatory funnel containing 450 ml. of 
pentane and 200 ml. of water. The pressure bottle was rinsed twice with 
25 ml. of pentane, and the washings also added into the separatory funnels 
After extraction, the aqueous layer was discarded. The pentane layer was 
washed twice with 75 ml. portions of water, twice with 50 mle portions of 
+1 N hydrochloric acid, followed by three further washings with 50 ml. 
portions of distilled water. The pentane solution was dried over anhydrous 
granular potassium carbonate, and most of the solvent carefully removed by 
slow distillation through two 9" Vigreaux columns, which were allowed to 
drein back into the flask when the distillation was over. The resultant 


solution was chromatographed on 30 g. of alumina, and eluted with 750 ml, 
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of pentane, followed by 500 ml. of 15% ether-pentane. The pentane fraction 
was once more carefully distilled through two 9" Vigreaux columns to remove 
most of the solvent, and .0142 g. (.00183 mole) acetophenone was added. This 
solution was analyzed in triplicate, using a 2 meter Column R (Ucon Oil 550) 
on the Perkin Elmer Vapor Fractometer 154D at 170°, From the area ratio 
of olefin to acetophenone, and ether to acetophenone , the mole ratio 
and thus the number of moles of each compound was calculated by use of 
the calibration curve, and these are shown in Table XI. 

From the second fraction obtained in chromatography (eluted with 
15% ether-pentane), the solvent was removed by distillation and the resul~ 
tant solid material recrystallized from pentane. The 62.2 mg. of crystalline 
material obtained, mMepe 152.1-152.9°, whose infrared and nemr. spectra and 
MePpe corresponded to authentic 2-phenyl-2-propyl 2,6—dimethylphenyl sul- 
fone, (Mspe 152s5-153.0°), is equivalent to 97% of the original amount of 


sulfonee 


Product run on 2-phenyl-2-propy] 2,6-dimethylbenzenesulfinate in anhydrous 
ethanol at 90° with added _2,6-lutidine. Run I-217. 
2=Phenyl-2-propyl 2,6—dimethylbenzenesulfinate, «6425 ge (.02165 M), 








and 2,6—lutidine, 4835 ge (204512 M), were weighed into a 100 ml. volu- 

metric flask and treated exactly as described in the above control for 

the analysis of the products. The results obtained are listed in Table XII, 
From the second fraction, obtained in chromatography on alumina, the 

solvent was removed at the aspirator, and the residue recrystallized from 

pentane. The 60.0 mg. of white needles obtained, msp« 152,0-152,.7°, whose 

infrared and nmr. spectra and mp. corresponded to authentic <phenyl-2- 


propyl 2,6-dimethylphenyl sulfone (m.p. 152.5-153,0°, page 151), is 
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equivalent to 9.6% based on starting 2-phenyl-2-propyl 2,6-dimethylben- 


zenesulfinate, 


oduc on 2- ~2—pro 2,6—dim Lbe ulfi 8 

ethanol at 70° with added 2,6-lutidine. Run I-226, 

2-Phenyl=2-propyl 2,6—dimethylbenzenesulfinate, .6286 g. (,02180 M), 
and 2,6—lutidine, .4966 g. (.04634 M), were weighed into a 100 ml. volume- 
tric flask, which was filled to the 98 ml. mark with 80% ethanol. The 
solution was transferred into a 160 ml. pressure bottle, and the volumetric 
flask rinsed twice with 1 ml. portions of 80% ethanol and the rinsings 
were added to the pressure bottle. The pressure bottle was placed into the 
70° constant temperature bath and heated for 9 hours (ca. 17 half-lives for 
the reaction of the ester). After cooling to room temperature, the contents 
of the flask were poured into al le separatory funnel containing 450 ml. 
of pentane and 200 ml. of water. The pressure bottle was rinsed twice with 
25 ml. portions of pentane and the washings added into the separatory 
funnel. After extraction, the aqueous layer was discarded. The pentane 
layer was washed twice with 75 ml. portions of water, twice with 50 ml. 
portions of .1 N hydrchloric acid, followed by three further washings with 
50 ml. portions of distilled water. The pentane solution was dried over 
anhydrous granular potassium carbonate, and most of the solvent was carefully 
removed by slow distillation through two 9" Vigreaux columns, which were 
allowed to drain back into the flask when the distillation was over. The 
resultant solution was chromatographed on 30 ge of alumina, and eluted with 
750 ml. of pentane, 850 ml. of 5% ether-pentane, followed by 500 ml. of 
50% ether-pentane. The first fraction was once again carefully distilled 


through two 9" Vigreaux columns to remove most of the solvent, and .0248 g. 
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(.00207 mole) of acetophenone added. This solution was analyzed in tripli- 
cate, using a 2 meter Column R (Ucon Oil 550) on the Perkin Elmer Vapor 
Fractometer 154D at 170°. From the area ratio of olefin to acetophenone, 
and ether to acetophenone, the mole ratio, and thus the number of moles 
of each compound was calculated by the use of the calibration curve , and 
these results are shown in Table XII, 

From the second fraction obtained in chromatography (eluted with 
5% ether=pentane), the solvent was removed by distillation , and the 
resultant soild material recrystallized from pentane. The 102 mg. of 
crystalline material obtained, m.p. 152=153°, whose infrared and n.M.r, 
spectra and m.p» corresponded to authentic 2=phenyl-2-propyl 2,6-dimethyl- 
phenyl sulfone ( mp» 152.5-153.0°, page 151), is equivalent to 16.2% 
based on starting arenesulfinate ester. 

Removal of the solvent from the last fraction gave 27 mgs of pale=- 
yellow oil , whose infrared spectrum was superimposable upon that of an 
authentic sample of 2-phenyl-2-propanol. These results are summarized in 


Table XIIe 


Lambert Beer Law and extraction procedure control 


The same general procedure was used to determine the relationship 
between optical density and concentration. 

A solution of 2-phenyl-2-propyl 2,6-dimethylphenyl sulfone, »233 g« 
(,008783 M) in 100 ml. of 98% ethanol was prepared. Using a calibrated, 
automatic pipette, 20, 15, 10 and 5 mle portions of the solution were 
transferred to four 25 ml. volumetric flasks, These flasks were filled to 
the mark with 98% ethanol to give solutions of the concentrations listed 


in Table I. Five ml, aliquots of these solutions and the parent solution 
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were removed and extracted exactly as described in kinetic procedure Ae The 
percentage transmittance at 1308 om, in carbon tetrachloride was measured. 
The optical density was plotted against the concentration as given in 


Figure II and Table I. 


Control on the isolation of 2-p-bromophenyl-2=propyl 2, 6—dimethylphenyl 

sulfone, 2-p-bromophenylpropene and 2=-p=bromophenyl-?=propyl ethyl ether 

in anhydrous ethanol at 90° with added _2,6-lutidine,Run III-1. 
2-p-Bromophenyl-2=propyl 2,6=dimethylphenyl sylfone, .0732 g. 





(,00199 M), 2-p-bromophenyl-2-propyl ethyl ether, «2291 ge (.00943 M), 
2-p-bromophenylpropene, +1700 gs (.00863 M), and 2,6-lutidine, .4860 ge 
(.04535 M) were weighed into a 100 ml. volumetric flask, which was filled 
to the 98 ml». mark (determined previously) with anhydrous ethanol. The 
solution was transferred to a 160 ml. pressure bottle, the volumetric 
flask rinsed twice with 1 ml. portions of anhydrous ethanol, and the 
rinsings added into the pressure bottle. The pressure bottle was immersed 
in the 90° constant temperature bath for 33 hours ( 11 half-lives for the 
reaction of the arenesulfinate ester). Subsequent treatment was exactly as 
described for the unsubstituted system, except in gas chromatography, Column 
K at 174° was used. The results are listed in Table XXXI. 

From the fraction containing the sulfone, the solvent was removed 
by distillation, and the residue recrystallized from pentane. The 71.5 mg. 
of crystalline material, m.ps 147.8-148.1°, whose infrared and n.MPr. spec= 
tra and mspe corresponded to authentic 2-p-bromophenyl-2-propyl 2,6—dimethyl- 
phenyl sulfone (mp. 148+7-149.0°, page 152), is equivalent to 97.5% of the 


original amount of sulfone. 
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Product run on <-p~bromophenyl-?-propyl 2, 6-dimethylbenzenesulfineate in 

anhydrous ethanol at 90° with added 2,6=lutidines Run III-5, 
é-p~Bromophenyl-2-propyl 2,6-dimethylbenzenesulfinate, «7713 ga 

(02100 M) and 2,6-lutidine, .4785 ge («04465 M), were weighed into a 

100 ml. volumetric flask and treated exactly as described in the above 

control isolation of the products. Analysis by gas chromatography showed 

the presence of 41.8% 2-p~bromophenylpropene and 48.7% 2-p=bromophenyl-72 

propyl ethyl ether. The 64.5 mg. of 2=p-bromophenyl-2=propyl 2, 6—dimethyl- 

phenyl sulfone, mepe 148.2-148.5°, obtained, corresponded to 8.4% based 

on starting ester. Its infrared and n.m.r. spectra and mp. were identical 


to authentic sulfone (mp. 149.7-149.0°, page 152). 


2-p-tolylpropene and 2=p-tolyl-2-propyl ethyl ether in anhydrous ethanol 
at 90° with added 2,6-lutidines Run I1I-13. 

2=-p-Tolyl-2=propyl 2,6—dimethylphenyl sulfone, .0573 ge (.00189 M), 
2=p=tolyl-2-propyl ethyl ether, .2012 g. (.01130 M), 2p-tolylpropene, 
01566 g» (.01186 M), and 2,6-lutidine, .5101 g. (.04760 M), were weighed 
into a 100 ml, volumetric flask which was filled to the 98 ml. mark (pre- 
viously determined) with anhydrous ethanol. The solution was transferred 
to a 160 ml. pressure bottle, the volumetric flask rinsed twice with 1 ml, 
portions of anhydrous ethanol, and the rinsings added into the pressure 
bottle. The pressure bottle was immersed in the 90° constant temperature 
bath for 70 minutes ( 25 half-lives for the reaction of the corresponding 
ester). Subsequent treatment was exactly as described for the unsubstituted 
system, except in gas chromatography Column K at 140° was used. The results 


are listed in Table XXXIII. 
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From the fraction containing the sulfone, the solvent was removed by 
distillation, and the residue recrystallized from pentane. The 56.5 mg. 
of white needles, mepe 138.7-139.2°, whose infrared and n,mer. spectra 
and Msp. corresponded to authentic sulfone (m.pe 13945=140.0°, page 152), 


is equivalent to 99.0% of the original sulfone. 


Product run on 2-p-tolyl-2-propyl 2,6—dimethylbenzenesulfinate in 
anhydrous_ethanol at 90° with added 2,6-lutidine,Run III-16. 


e-p-Tolyl-2=propyl 2,6<dimethylbenzenesulfinate, .6696 g, (.02214 M), 
and 2,6—lutidine, 4785 gs (.04423 M), were weighed into a 100 ml. volu- 
Ihetric flask and treated exactly as in the above control isolation of the 
products. Heating in the 90° constant temperature bath was carried out 
for 50 minutes only. Gas chromatographic analysis showed the presence of 
30.23% 2-p-tolylpropene and 53.9% 2=-p=tolyl-2=propyl ethyl ether. The 96.5 mge 
of 2=p-tolyl-2-propyl 2,6—dimethylphenyl sulfone, mp. 139.2=139,6°, corre- 
sponds to 14.4% based on starting ester. Its infrared and nmr. spectra 


and Msp. were identical to authentic sulfone (Msp. 139.5=140.0°, page 152). 


Control _on the isolation of 2-p-methoxyphenyl-2-propyl 2, 6-dimethylphenyl 
sulfone, 2-p-methoxyphenyl-2-propyl ethyl ether and 2-p-methoxyphenyl-2- 
propyl 4-methylphenyl sulfone _in anhydrous ethanol at 25° with added 
2,6-lutidine,Run ITI-37. 

2-p-Methoxyphenyl-2-propyl 2,6=dimethylphenyl sulfone, .0391 g. 
(.00246 M), 2-p-methoxyphenyl-2-propyl 4-methylphenyl sulfone, .0034 ge 
(.00022 M), and 2-p-methoxyphenyl-2-propyl ethyl ether, .0912 ge (.00940 M), 
and 2,6=lutidine, .2412 gs (. 04502 M), were weighed into a 50 ml. volu- 


metric flask, which was filled to the mark with anhydrous ethanol, (Weighings 
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of less than 50 mg» were performed on a Mettler "Micro-gramatic" 

balance). The flask was shaken well, and immersed into the 25° constant 
temperature bath for one hour ( cae 11 half-lives for the reaction of the 
ester). The solution was poured into a 500 ml, separatory funnel, containing 
250 ml. of methylene chloride and 100 ml. of water. The separatory funnel 
was shaken vigorously 40 times, and the aqueous layer discarded. The 
methylene chloride solution was washed twice with * ml. portions of 

ol N hydrochloric acid, followed by three washings with distilled water, 

The organic layer was dried with anhydrous potassium carbonate, filtered 

and the solvent slowly distilled through two 9" Vigreaux columns, which were 
allowed to drain back into the flask after the distillation was completed, 
A known amount of ethylene carbonate (internal standard) was added, and the 
NeMsr, spectrum recorded at 100 Mc. rom the ratio of areas obtained, 

the percentage of each compound recovered was calculated. The results 


obtained are listed in Table XXXIV, 


Product run on 2-p-methoxyphenyl-2-propyl 2, 6-dimethylbenzenesulfinate 
in_anbydrous ethanol at 25° with added 2,6-lutidine, Run ITI-42) 
2-p-Methoxyphenyl-2=propyl 2,6-dimethylbenzenesulfinate, 1.3547 g, 
(.02228 M), and 2,6-lutidine, .2418 gs (,04513 M), were weighed into a 50 ml, 
volumetric flask, which was filled to the mark with anhydrous ethanol, The 
subsequent treatment was exactly as in the above control run. The results 


obtained are given in Table XXXV. 
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Control on the isolation of 2-p=-methoxyphenyl-2-propyl 2,6-dimethylpheny] 
sulfone, and 2-p-methoxyphenyl-2-propyl 4-methylpheny] sulfone in anhydrous 
acetic acid at 25° in the presence of added sodium acetate. Run III=-19. 


2-p=Methoxyphenyl-2—propyl 2,6-dimethylphenyl sulfone, .0345 ge 





(.00217 M), and 2-p-methoxyphenyl-2-propyl 4-methylphenyl sulfone, .0062 g. 
(00047 M), were weighed into a 50 ml, volumetric flask, which was filled 

to the mark with anhydrous acetic acid (.0560 M in sodium acetate). The 

flask was immersed in the 25° constant temperature bath for 40 minutes. The 
same workup was used as in the ethanolysis experiment (Run III-37). The 
NeMere Spectrum was recorded at 100 Mc. in vata From the area ratio of 
component to internal standard, the amount of each sulfone was calculated. 
90% 2-p-methoxyphenyl-2-propyl 2,6—dimethylphenyl sulfone and 104% 2~p-metho- 


xyphenyl-2=propyl 4A-methylphenyl sulfone were recovered. 


Product run on 2-p-methoxyphenyl-2-propyl 2, 6-dimethylbenzenesulfinate in 
anhydrous_acetic acid at 25° with added sodium acetate,Run III-44. 
2-p-Methoxyphenyl-2-propyl 2,6-dimethylbenzenesulfinate, .1800 g. 
(.02261 M), was weighed into a 25 ml. volumetric flask, which filled to the 
mark with anhydrous acetic acid (.0560 M in sodium acetate). The subsequent 
workup was exactly as in control experiment (III-49) above. From the 
NeM.r. spectrum, the ratio of 2-p-methoxyphenyl-2-propyl 2, 6=dimethyl- 
phenyl sulfone to ethylene carbonate was measured, and 27.8% of the sulfone 


was found, 
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SAMPLE RATE RUNS 





TABLE XL 


CONTROL ON THE STABILITY OF 2,6-DIMETHYLBENZENESULFINIG ACID (,02128 M) 
IN ANHYDROUS ETHANOL AT 90, go" WITH ADDED 2,6-LUTIDINE (.04507 M).RUN=I<157. 








DOs GOP BMT Ce BI Ke CNS I A 9 A OS DS 
Sey ED Ba es OY 





Base: Na0CH; (.03888 x), Aliquot: 4.983 ml. 











Indicator: Phenolphthalein, Calculated initial titer: 2,727 ml. 
Time (sec. ) Titer (ml.) Time (sec. ) Titer (ml.) 
0 22794 59,400 2785 
750 258775 112,200 22773 
2,820 2:782 195,000 26751 
18,780 2677h 346, 380 2.764 





TABLE XLI 


CONTROL ON THE STABILITY OF 2,6-DIMETHYLBENZENESULFINIC ACID (.02139 M) 
IN ANHYDROUS ETHANOL AT 90,0° WITH ADDED 2,6=LUTIDINE (.04602 M).RUN II+197. 
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Base: NaccH, (03888 M), Aliquot: 5,046 ml. 
Indicator: Phenolphthalein. Calculated initial titer: 2,781 ml, 
Time (hrs.) Titer (ml.) Time (hrs. ) Titer (mle) 
0 2.782 319 22989 
0 24784, 926 2.967 
58.5 2779 1,016.5 2.90 
128.45 26785 1,984 2092 


thy af g 22802 2,776 296 
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TABLE XLII 


RATE OF REACTION OF 2=PHENYL-2-PROPYL 2,6—D IMETHYLBENZENESULFINATE 
(.02188 M) IN ANHYDROUS ETHANOL AT 25,0° WITH ADDED 2,6-LUTIDINE. 
(.04492 M). RUN II-171. 




















Base: NaQCH3 (.03888 M). Aliquot: 5.046 ml. 
Indicator: Phenolphthalein. Calculated infinity: 2,839 ml. 
Time Titer teas r 10? k, sec. 
(hrs. ) (ml. ) ET (a) sulfone titr. 1s%% 
0) 0,088 0.02816 
71 1132 05461 (0.70) (2459) 
227 0335 06518 0,140 1.2 1,28 
530.5 +607 «10517 130 1. 23 1.38 
840 O34 sLecot «107 1.2 vag 
1,176 1.048 .14983 .108 1.15 1.13 
1,699 1.486 + 19839 «103 1.35 Leer 
2,758 1.895 24527 099 1.31 1,20 
4,056 24 2h3 


£33726 ,100 
Infinity(>) 2,573 a 


Average: 1.2 +.06 1.23 +,08 
ooo e——OaO“—OO@OoO0Ooa SS S(—“—Mbaow ws ——o>— _ 
(a) Absorbance at 1308 cm.~+ in CCly. 
(b) Two ampoules, which were kept in the 25° constant temperature bath 
for 4.9056 hours, were placed into the 90° bath for 10 hours (12 half- 


lives for the reaction of 2-phenyl-2-propyl 2, 6-dimethylbenzenesul- 
finate in anhydrous ethanol at 90°), 


% Infinity Titer: 90.5. % Sulfone at infinity: 10.2. 
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TABLE XLIII 


RATE OF REACTION OF 2=PHENYL-2=PROPYL 2,6=D IMETHYLBENZENESULFINATE 
(.02198 M) IN ANHYDROUS ETHANOL AT 90,0° WITH ADDED 2,6-LUTIDINE 
(.04378 M). RUN II-69,70, 























Base: Na0ck, (,03888 M). Aliquot: 4.983 ml, 
Indicator: Phenolphthalein, Calculated infinity: 2.820 ml. 
(4a) (ais) Loe}? (4) ues aes 
Blank 0,053 
fe) +095 0.01828 
24,0(b) 2209 03383 2429 
480 0332 04766 2027 22 
780 478 06333 2,18 2.16 
1,080 1625 08314 2624 2.34 
1,440 2773 09726 bat 2420 
1,920 +958 11461 220 2.10 
2,700 1.210 14644 B27 2416 
3,600 1.495 «17609 2425 2.18 
4,500 1.667 »20003 2416 2419 
6,000 1.945 023426 2419 2427 
8,700 2273 26316 2426 2036 
10,800 24420 2.31 
36,000 20627 
36,000 20632 «30878 
39 ,600 24636 + az 
Average: 2622+.04 2420+ .06 


-l 
(a) Absorbance at 1308 cme in CCl,« 
is) Considered as zero tine for titrimetric rate calculations. 


% Infinity titer: 91.4. % Sulfone at infinity: 9-2. 
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TABLE XLIV 


RATE OF REACTION OF 2-PHENYL-~2-PROPYL 2,6=D IMETHYLBENZENESULFINATE 
(.02198 M) IN ANHYDROUS ETHANOL AT 90,0° WITH ADDED 2,6~LUTIDINE 
( 09340 M) »RUN I=223,22h2 














Base: Na0CH, (03888 M). Aliquot: 4.983 ml. 
Indicator: Phenolphthalein, Calculated infinity: 2.816 ml. 
Tine Titer ok 10* k, sec.~ 
sec,) (ml. ) I (a) titr. dere 
Blank 0,041 
0 +118 0,01703 
360(b) «283 402653 
660 +420 «O3941 202 1.99 
960 0562 205077 2013 1-92 
1,500 2795 «07518 2.18 2016 
2,100 2986 409272 2,06 2403 
2,700 1,208 » 10755 2.16 1-93 
3,600 1441 213862 212 2+16 
45500 1.643 215381 2412 2.05 
5,400 1.816 »18355 2413 2eh2 
7,200 24065 219756 212 213 
9,000 202h2 »22037 2el3 2436 
46,800 2.608 
52,500 2.616 » 24944, 
52,500 2.616 





Average: 2612+ 203 2.12+ 13 
OOS eNem—E—oeEemeesouam™s 
(a) Absorbance at 1308 em.7+ in ele 
(b) Considered as zero time for rat calculations. 

% Infinity titer: 91.4. % Sulfone at infinity: 9.8. 
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TABLE XLV 


RATE OF REACTION OF 2~PHENYL-2-PROPYL 2,6~DIMETHYLBENZENESULFINATE 
(,.02217 M) IN ANHYDROUS ETHANOL AT 90, 0° WITH ADDED 2,6=D IMETHYL~ 
BENZENESULFINIC ACID (.01957 M) AND 2,6-LUTIDINE ( 09354 M).« 

RUN I-~219, 220, 





rs Ce OUR See TES Cee ee BN Se en eR Se Se Oe 








Base: Na0GH, (03888 M). Aliquot: 4.983 ml. 
Indicator: Phenolphthalein. Calculated infinity: 2,840 + 2.508 
= 5.348 mle 
Time Titer pads a ary 
(sec.) (m1. ) titre iePe 
Blank 2.608 
0 2.660 0,00860 
360(b) 26751 +01995 
660 26925 203663 2246 2453 
1,140 3.176 «06333 2eAd, 2071 
1,740 32450 208991 2043 2067 
2,700 30833 011959 2049 re | 
3,600 mel 13 014953 2050 2061 
5 4,00 4oh57 18213 (2.31) 2048 
9,000 40908 923223 2045 (3.16) 
$e? 000 trie 24,699 
57,600 5.195 : ee at 








Average: 2446+ 02 2.58% +09 





(a) Absorbance at 1308 cm, “l in ey 
(b) Considered as zero time for raté calculations. 
% Infinity titer: 91-3. % Sulfone at infinity: 9.6. 
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TABLE XLVI 


RATE OF REACTION OF 2=PHENYL-2=PROPYL 2, 6D IMETHYLBENZENESULFINATE 
(,.02140 M) IN ANHYDROUS ETHANOL AT 90,0° WITH ADDED 2,6-LUTIDINE 
(04822 M) AND LITHIUM PERCHLORATE (.03401 M). RUN I-189,190. 


eee 




















Base: Na0cH, (.03888 M) >» Aliquot: 4.983 mle 
Indicator: Phenolphthalein. Calculated infinity: 2.742 mle 
Time Titer E: 104 k, sec.~+ 
(secs) (ml,) Logy° (a) titr, ire 
Blenk 0,078 
0) 132 0.01494 
24,0 +286 Ann 
540 oh 04571 2478 2677 
900 692 06221 2490 2.66 
1,320 6898 , 06670 2486 (2,01) 
1,800 Let 10278 2.89 2.80 
2,280 1.316 11461 2,90 2462 
2,880 1,483 013545 2681 2072 
3,600 1.679 17609 2,80 (3259) 
5, 4,00 24075 619257 2496 2.98 
7, 200 ZetTae 121352 2.93 3.12 


36,000 2.565 

77,600 24569 023704 

77,600 2.562 oS 
Average:2.85+ 05 281+ 13 


a  ___e_._.___ 


m1 
a) Absorbance at 1308 cme” in COl,. ; 
‘ daAbeord titer: 90:8. % Sul féne at infinity: 9+6+ 
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TABLE XLVITI 


RATE OF REACTION OF 2=PHENYL-2=PROPYL 2, 6={D IMETHYLBENZENESULFINATE 
(,02226 M) IN ANHYDROUS ETHANOL AT 90,0° WITH ADDED 2,6=LUTID INE 
(.04673 M) AND TETRABUTYLAMMONIUM PERCHLORATE (.03848 M).RUN-II-73,74- 


eee + 
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Base: Na0CH, (,03888 M). Aliquot: 5.046 ml. 
Indicator: Phenolphthalein,. Calculated infinity: 2.853 mle 
(omy (esi L089?) ee tian iere 
Blank 0.052 0.00000 
0 2092 0.01368 
600 eA2h 205231 2034 204k 
960 »608 07115 2037 2036 
1,440 2809 «09096 231 2021 
1,920 1,007 +11361 2433 2226 
2,400 1.183 214114 2435 2049 
3,000 1.385 «16167 2438 246 
3,600 1512 » 16673 2428 2016 
43500 1745 2 20303 2035 2eAh 
5,700 12959 0 22324 2034 2036 
7,800 20212 025527 2032 2045 
9,600 2370 26007 2439 (2.12) 
39,600 22616 
39,600 20628 +29710 
43 200 20635 


Average: 2634t+202 20364+.09 
een a a 
(a) Absorbance at 1308 cms in CCl,- 

% Infinity titer: 90.8. % Sulfone at infinity: 856 
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TABLE XLVIII 


CONTROL ON THE STABILITY OF 2,6=DIMETHYLBENZENESULFINIC ACID 
(.02040 M) IN ANHYDROUS ETHANOL AT 90,0° WITH ADDED 2,6-LUTIDINE 
(.04621 M) AND TETRABUTYLAMMONIUM PERCHLORATE (.08334 M)«RUN II=129. 
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Base: NaOCH, (03888 M). Aliquot: 5.046 ml. 
Indicator: Phenolphthalein. Calculated initial titer: 2,650 ml. 
Time (secs) Titer (ml,.) Time (sec.) Titer (ml.) 
0 2.643 18,600 2.670 
1,800 2.646 36, 000 24705 
3, 600 26662 36, 400 20729 


7,200 2.652 172,800 2.709 
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TABLE XLIX 


RATE OF REACTION OF 2-PHENYL~2-PROPYL 2, 6-DIMETHYLBENZENESULFINATE 
(,02157 M) IN ANHYDROUS ETHANOL AT 90,0° WITH ADDED TETRABUTYLAMMONIUM 
BROMIDE (.03342 M) AND 2,6-LUTIDINE (.04191 M).RUN II~124, 


Se 2 SR, BS HE CUE WED EES FED OE Am Ow Ts Oe HS ME ES La BSS OLAS OSG OEE CLS SS OUT ER Ee OY OE Oe MO CL Oe AR SRD Se ey Se 


ED RAS SAE MD HS ONE OER TTD Oe TED CAS FS BR RU LS ERD OED eee ak AT OG EY EN OED OHS Re om FEE AE BED OY) SHE SE ORS REE EC OD orn ee eS Gm ES eS 




















Base: NaOCH3 (.03888 M). Aliquot: 5.046 ml, 

Indicator: Phenolphthalein, Calculated infinity: 2.799 mle 
of ~=1 

Time Titer Corrected log to 1O* ky sece 

(sec.) (mls) Titer(m1.) (a) I (b) titr. iePe 











O +161 0.161 0.01494 
360(c) «339 0339 03623 2030 
600 462 462 204999 2437 2433 
960 +608 +608 »O6781 (2215) 2.28 
1,440 819 819 209795 2425 2456 
1,920 1,008 1.008 .11826 2429 2.53 
2,460 1.187 1.187 214082 2629 2054 
3,000 14329 12329 «16047 2624 2460 
3,600 1.503 1.503 217840 2429 2057 
4,500 1.714 LO714 «19005 2.33 234 
5,700 14905 1.905 + 21696 2428 Bhd 
7,200 24093+.050 24143 24214 2031 2.59 


43,200 2,372+4200 24572 
43,200 = 26 356+4 200 24556 «28375 
86,400 2,.209+.360 20569 





Average: 2429+ 203 2446+ .11 
mi, BS 
(a) Corrections added, based on Run II-125, (b) Absorbance at 1308 cms 
in CCl).  (c) Considered as zero time for rate calculations, 
% Infinity titersuncorrected 81.5; corrected 88.6. % Sulfone at infinity:8.5. 
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TABLE L 


RATE OF REACTION OF 2=PHENYL~2=PROPYL 2,6-DIMETHYLBENZENESULFINATE 
(.02139 M) IN ANHYDROUS ETHANOL AT 90,0° WITH ADDED TETRABUTYLAMMONIUM 
BROMIDE (.07169 M) AND 2,6-LUTIDINE (.044]8 M)» RUN II-143,144. 


SD ES ES AP STD SRS SS SS AD Es A CE A SOLELY ES a ES Oe NS GO RS PG Cad Gees SS SERS ORE ORS RT SD OS 
OO a ED ES REDE OND RE RS ORT Onk, Mee Ud. TOD BLO CONE CM ier EP Bae Ge Ene ence 








Base: NaQCH, (.03888 M). Aliquot: 5.046 ml, 
Indicator: Phenolphthalein,. Calculated infinity: 2.775 ml. 
Time Titer Corrected rT 10” k, sec. 
(seco) (ml.) Titer(ml.) (a) log I (b) titre iePe 
Blank 0,042 
O 130 0.130 0.01912 
450 5387 +387 004571 2449 2534 
600 457 e457 105538 2aAl 24k 
900 4596 +596 «07004 7s 14 2, 36 
W320. 64781 781 09272 2037 2045 
1,800 955 2955 +118 26 2031 2058 
2,100 1.097 1.097 2042 
3,300 1.485 1.485 + L6554 2+48 2242 
45500 14626+.080 1.706 19893 2433 2450 
6,000 1.875+.100 14975 «22994, 2438 2.61 


33,840 2232644232 20558 
82,800 2,097 





Average: 2040+,05 Re 46+.08 








(a) Corrections mare based o a II~1456 
b) Absorb cpa Cle e ; 
: Le ieaageedias reckbeoted 83,5;¢orrected 90.5+% Sulfone at infinity:8.6. 
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TABLE LI 


CONTROL ON THE STABILITY OF 2,6-DIMETHYLBENZENESULFINIC ACID (,02048 M) 
IN ANHYDROUS ETHANOL AT 90,0° WITH ADDED 2,6=LUTIDINE (.04571 M) AND 
TETRABUTYLAMMONIUM BROMIDE (.03594 M), RUN II~ 125, 





REECE Goes Ser Cai tec 
ews ermereremce 






































Base: Na0cH, (03888 M), Aliquot: 5.046 ml. 

Indicator: Phenolphthalein, Calculated initial titer: 2.657 ml. 
Time (sec.) Titer (ml.) Time (sec.) Titer (ml.) 
fe) 2.662 14,400 2.621 
0 24652 24,» 300 24553 
0 24667 43,200 2+460 

900 24655 $2,800 24303 
1,980 24647 129,600 24112 
3,300 24623 183, 600 1.990 
4,800 2.621 259 y 200 1,682 
7,200 2061), 518,400 1.480 





TABLE LII 


CONTROL ON THE STABILITY OF 2,6—DIMETHYLBENZENESULFINIC ACID (,02155 M) 
IN ANHYDROUS ETHANOL AT 90,0° WITH ADDED 2,6~LUTIDINE (.04535 M) AND 
TETRABUTYLAMMONIUM BROMIDE (,0700/ M). RUN II-145. 




















Base: Na0cH, (,03888 M)> Aliquot: 5,046 ml. 
Indicator: Phenolphthalein. Calculated initial titer: 2.796 ml. 
Time (sec.) Titer (ml.) Time (sec.) Titer (ml.) 

0 2.745 6,000 2,651 

0 24749 26,400 24515 


3,600 20678 82,800 24104 
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TABLE LIII 


CONTROL ON THE STABILITY OF 2,6—DIMETHYLBENZENESULFINIC ACID (.02019 M) 
IN ANHYDROUS ETHANOL AT 90.0° WITH ADDED 2,6-LUTIDINE (.04481 M) AND 
POTASSIUM THIOCYANATE (.03578 M).RUN II~131. 

















Base: Na0CH, (.03888 M). Aliquot: 5.046 ml. 

Indicator: Phenolphthalein. Calculated initial titer: 2.619 mlo 
Time (sece) Titer (ml.) Time (sec.) Titer (ml.) 
fe) 24162 14,400 24132 
600 20296 21,600 24125 
1,440 20246 36, 000 22091 
2,400 1.924 79,200 12775 
3,600 1.914 93,600 1.862 
Ay 320 24233 126,000 1.791 
5,400 20243 264,600 1.536 
7,200 24186 360, 000 1.485 
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TABLE LIV 


RATE OF REACTION OF 2=PHENYL-2-PROPYL 2,6=D IMETHYLBENZENESULFINATE 
(.02181 M) IN ANHYDROUS ETHANOL AT 90,0° WITH ADDED POTASSIUM THIO- 
CYANATE (.01810 M) AND 2,6-LUTIDINE (,04397 M). RUN II~120,. 














Aliquot: 5.046 mls 
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Time (sec,.) Logq° (a) 104 k, sec. 

0 0.03060 

960(b) »O7445 
1,440 +10346 3407 
1,920 «12320 2672 
2,400 «14082 2.61 
3, 000 £16435 2.71 
3,660 219201 2.99 
4,500 21005 2.88 
5,400 022763 2.88 
6,660 224,773 2498 

"BR + 28646 

75,600 sik vee 
Average: 2085 + od 13 





pm 
(a) Absorbance at 1308 cme in CCl,» 
(b) Considered as zero time for rats calculations. 
% Sulfone at infinity: 8.5. 
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TABLE LV 


RATE OF REACTION OF 2—PHENYL-2=PROPYL 2, 6=D IMETHYLBENZENESULFINATE 
(.02176 M) IN ANHYDROUS ETHANOL AT 90, 0° WITH ADDED 2,6-LUTIDINE 
(04440 M) AND TETRABUTYLAMMONIUM AZIDE (,0818 M). RUN II~179,180. 























Base: Na0CH (.03888 M). Aliquot: 5,046 ml. 
Indicator: Phenolphthalein, Calculated infinity: 2,823 ml. 
Time Titer Lo 104 k, sec. 
(sec. ) (m1, ) log T (a) titre ire 
Blank 0.076 
0 +098 0,02531 
24,0 1272 #03503 2443 
420 +304 «04805 2436 
600(b) 2389 05115 2438 
840 482 »06446 2430 2019 
1,080 1591 »07918 2037 237 
1, 380 675 09237 2522 J 25 
1,680 815 10653 2045 Pi i 
2,100 940 +12320 rey 2.16 
2,700 1.090 v1 4644 Ark Salt 
3,600 1.347 «16732 235 1.97 
4,500 1-504 221299 2429 2450 
5,400 1-634 #23578 2425 2.53 
34,5200 2,280 
60, 300 24288 y28521 
78 5 300 Bent ey a eentiiierenennearnitlereenennatand ania 


Average: 2+ 33+ .06 2s Rb+ lh 
= 
-1 
(a) Absorbance at 1308 cm, ~ in CCl . 
(b) Considered as zero time for inffared rate calculations, 
wo Bee Sine dddbeese St.) GY Sylfone at infinity: 8 ale 
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TABLE LVI 


RATE OF REACTION OF 2-PHENYL=2=PROPYL 2,6=D IMETHYLBENZENESULF INATE 
(.02176 M) IN ANHYDROUS ETHANOL AT 90.0° WITH ADDED 2,6~LUTIDINE 
(.04440 M) AND TETRABUTYLAMMONIUM AZIDE (.0818 M). RUN II-181. 





Aliquot: 5.046 ml. 


Seo eae Se SED EO ERS 8 Ow eee CES ND eee BENS 








Time (sec.) log 7°(a) Cone.,10?7M 10% k,sec.7+ 
6) 0,00000 0,00 
420(b) 01953 0.82 
840 003423 0.95 1.75 
1,380 05 308 gis 2.06 
2,100 .07591 1.40 2.27 
3,600 £11959 1.83 2.51 
5, 4,00 114891 2.10 2440 
gies 20412 2465 
60, 300 


Averages 2420423 


(m)_bgorbance at 2100 cm.) im)CCl,. 
(b) Considered as zero time for rate calculations. 
% 2~Phenyl-2=propyl azide at infinity: l2e2. 
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TABLE LVII 


RATE OF REACTION OF 2~PHENYL~2-PROPYL 2,6~D IMETHYLBENZENESULFINATE 
(02239 M) IN ANHYDROUS ETHANOL AT 90,0° WITH ADDED 2,6-LUTIDINE 
(.04242 M) AND TETRABUTYLAMMONIUM AZIDE. (.2847 M). RUN III-38. 








ERLE GR RE Ra es er ec Se a RD Om 
A ES OT RE OE EEA SES OES SGN CS RA RE TS Sa NNN OD OS MRIS OE 





Base: Na0cH, (.03888 M) Aliquot: 5.046 ml» 
Indicator: p-~Naphtholbenzein. Calculated infinity: 2.904 mle 
Time (sec.) Titer (ml.) 104 k,sece > 
Blank 0.000 
0 +000 
600 e272 2073 
1,200 1501 2.72 
1,800 e720 28h 
2,400 2896 2.87 
3,600 1.143 2.80 
7,200 14576 2289 
36,000 16796 
36, 000 1.806 


Average: 2.81+ .06 





% Infinity titer: 62,0. 
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TABLE LVIII 


CONTROL ON THE STABILITY OF 2,6~DIMETHYLBENZENESULFINIC ACID (.02096 M) 
IN 80% ETHANOL AT 70,0° WITH ADDED 2,6-LUTIDINE (. 04623 M)» RUN 1-153. 














Base: NaQCH3 (03847 M) Aliquot: 4.983 ml. 
Indicator: Phenolphthalein, Calculated initial titer: 2.716 ml, 
Time (sec, ) Titer (ml,) Time (sec.) Titer (ml,) 
0 2,668 65,640 2,697 
1, 260 2.667 167,940 2.684 


37,560 2,674 
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TABLE LIX 


RATE OF REACTION OF 2=PHENYL-2-PROPYL 2,6-D IMETHYLBENZENESULFINATE 
(,02155 M) IN 80% ETHANOL AT 70.0° WITH ADDED 2,6=LUTIDINE (.09233 M). 
RUN I-103,104. 


SST AEE ORE RR RIG ED ESS EE OE AR EA REE RON CESS EES OR Nt Gare See Se AP 











Bases NaQCH, (03847 M). Aliquot: 4-983 ml. 
Indicator: Phenolphthalein, Calculated infinity: 2.791 mle 
ass) (ale) nae 70 (a) 12 ane dere 
Blank 0.035 
0 064 0.02449 
180(b) 2168 
300 2257 06483 3256 3,69 
54,0 2392 08672 (3.09) 3427 
900 2650 12581 3057 339 
1,200 +830 215229 3266 3.69 
1,500 988 17522 3269 3034 
1,920 1150 + 20412 3.56 3.42 
2,400 1.352 223955 3.67 3.41 
2,880 1.501 + 27346 3465 3-61 
3,600 1.684 27669 3465 ( 2,96) 
4,500 1.880 31471 3.79 3-11 
5,400 2.016 037181 (3.94) (4-29) 
7,200 20140 + 37585 3.74 339 
42,660 20294 «40943 
Average: 3.654011 ZeABtolh 








Absorbance at 1308 ca.~/ in OCl,. 
Considered as zero time for raté calculations. 


a 
is 
% Infinity titer: $1.0. % Sulfone at infinity: 16.5. 
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TABLE LX 


RATE OF REACTION OF 2=PHENYL-2=PROPYL 2, 6-DIMETHYLBENZENESULFINATE 
(.02151 M) IN 80% ETHANOL AT 70,0° WITH ADDED 2,6—LUTIDINE (.09149 M) 
AND 2,6=DIMETHYLBENZENESULFINIC ACID (.02726 M). RUN I-99,100. 























Base: Na0CH3 (.03847 M)« Aliquot: 4.983 ml. 
Indicator: Phenolphthalein. Calculated infinity: 2-786 + 3.531 
= 6.317 ml. 
Time Titer ie 10°"; “sees 
(sece) (ml.) tog T (a) titre iere 
Blank 3540 
0 34613 0.02612 
180(b) 30725 204258 
300 3.814 05918 3453 3.84 
540 30944 08422 (2.99) 3435 
900 4195 12189 343 (4.39) 
1,200 4+376 #15045 3654 341 
1,500 Ae5Ah2 »16613 3,63 3412 
1,920 4.698 20412 3.47 3.21 
2,400 40879 122994 3448 3622 
2,880 5 020 «25600 3443 3423 
3,600 5 2225 » 28981 3051 3428 
4,500 5 0407 033264 3+55 3462 
5,400 50558 36418 3.68 4201 
7,200 5677 + 37639 3.42 3094 
42,720 50871 040943 


Average: 352+ +07 3047+ o27 








-l 
(a) Absorbance at 1308 cme in CCl). 
(b) Considered as zero time for inftared rate calculations, 
% Infinity titer: 83.56 % Sulfone at infinity: 16.5. 
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TABLE LXI 


CONTROL ON THE STABILITY OF 80% DIOXANE AT 90.0° WITH ADDED 2,6=-LUTIDINE 
(.04550 M).RUN I-233. 


pare atetharesfasinbeerherinfntahinjpisiapsnate-ip sardinia ely aber etptetbe begets agtepgreer ie fussredepsant-apree marae eR 


Base: NaOCH3 (,03888 MM), Aliquot: 4.983 ml. 





Indicator: Phenolphthalein, 

















Time (sec.) Titer (ml.) Time (sec.) Titer (ml.) 
0 0.150 25 ,680 0.217 
600 +151 47,100 +230 
1,680 146 87,840 1224, 
3,960 +173 216,240 22h2 
10,800 £183 





TABLE LXITI 


CONTROL ON THE STABILITY OF 2,6-DIMETHYLBENZENESULFINIC ACID (.02349 M) 
IN 80% DIOXANE AT 90,0° WITH ADDED 2,6-LUTIDINE (,04869 M).RUN I-159, 























Base: NaOCH3 (.03888M) . Aliquot: 4-983 ml. 
Indicator: Phenolphthalein. Calculated initial titer: 3,011 ml. 
Time (sec;) Titer (ml.) Time (sec: ) Titer (ml,) 
0 3.076 25 ,680 3.165 
600 3,092 47,100 3.160 
1,680 3105 87,840 3.246 
3,960 3,114 216,240 3.345 
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TABLE LXIII 


CONTROL ON THE STABILITY OF 90% DIOXANE AT 90.0° WITH ADDED 2,6=LUTIDINE 
(.02158 M).RUN I-24]. 


i — ———— ————————————————————————————————— 








Base: NaOCH3; (,.03888 M). Aliquot: 4.983 ml. 
Indicator: Phenolphthalein. 


Time (sec. ) Titer (ml.) Time (sec.) Titer (ml.) 
0 0.084 208 ,800 0.146 
6,300 .096 252,000 +164 
32,700 «L09 293,400 0192 
16,800 112 349 5 200 .198 
102, 000 .158 435,600 172 
130,500 0175 572400 1153 


166, 200 0164 691, 200 0147 
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TABLE LXIV 


CONTROL ON THE STABILITY OF 2,6=DIMETHYLBENZENESULFINIC ACID (.01059 M) 
IN 90% DIOXANE AT 90,.0° WITH ADDED 2,6=LUTIDINE (.02136 M). RUN 1-243. 

















Base: NaOCH3 (,03888 M), Aliquot: 4.983 ml. 
Indicator: Phenolphthalein,. Calculated initial titer: 1.356 ml. 
Time (secs) Titer (ml.) Time (sec) Titer (ml.) 
0 1.403 166, 200 14525 

6,300 1.436 208 , 800 1.534 

18, 000 1.439 252,000 14549 

32,700 1.446 293,400 1.554 

46,800 1.470 349,200 16562 

75 900 1.478 435,600 1.576 
102 , 000 1.475 572,400 1595 


130,500 1.485 691, 200 1.60% 
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TABLE LXV 


RATE OF REACTION OF 2-PHENYL-2=PROPYL 2, 6~D IMETHYLBENZENESULFINATE 
(,02136 M) IN 90% DIOXANE AT 90,0° WITH ADDED 2,6-LUTIDINE (.04672 M)» 
RUN I=113,114« 

















Base: NaOCH, (.03647 i). Aliquot: 4.983 ml, 

Indicator: Phenolphthalein, Calculated infinity: 2.767 ml. 

a Po eee 

Blank 0,072 

0 2094 0.00945 

1,800(b) 260 +02078 2.45 
3,900 384 ,03181 2049 2428 
6, 300 492 004454 2420 2428 
8,100 572 05115 2.18 2+16 
9,900 «650 205956 2015 2elh 
12,300 6775 .08707 2.26 (2,86) 
16,980 +930 ,O8814 Zee 2011 
24,5540 1.290 10619 241 (1.87) 
29, 280 1.417 »14983 2034 2,62 
37,800 1.538 2.07 

50,105 fel, .18213 2.10 2415 
68,340 2.093 2.10 

105,180 20487 237 

4575200 20685 oe 

457,200 2.707 

Average? 2023+ 12 2627+ 013 








-l 
a) Absorbance at 1308 cme ~ in CCl). 
ty Considered as zero time for Gidetnetete rate calculations. 


% Infinity titer: 94-8. % Sulfone at infinity: 11.0. 
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TABLE LXVI 


RATE OF REACTION OF 2~PHENYL-2-PROPYL 2,6-D IMETHYLBENZENESULFINATE 
(02230 M) IN 90% DIOXANE AT 90.0° WITH ADDED 2,6-LUTIDINE (.09369 M) 
AND 2,6=DIMETHYLBENZENESULFINIC ACID (.02605 M). RUN I-117,118, 














Base: Na0CH, (.03847 M). Aliquot: 4.983 ml. 
Indicator: Phenolphthalein, Calculated infinity: 2.888 + 3,375 
= 6.263 mle 
ase) (ale) 10g 7 (4) i feaaeae OES 
Blank 30430 
0 342450 0,00945 

1,800 34562 01284 2.32 2.00 

3,600 3.649 102490 210 (1.66) 

7,200 3.848 03703 2419 (1.53) 
10,800 30994 206221 2206 2205 
15, 300 4e2L0 07882 2+13 1.98 
19,800 40378 09968 2410 2.10 
24,5300 4583 11361 2623 2405 
30,600 4813 »13704 2426 2014 
38 , 400 4.981 16346 2e1d 2426 
48,600 5 4228 18327 2.16 2419 
57,600 5 0419 221059 202] (246) 
86, 400 52780 + 24,030 2222 236 
106,200 50946 625479 2630 (3.07) 
277 5200 6.174 Bis 
352,800 6.192 





Average: 2el9+ 207 2el3+ +10 


-1 
a) Absorbance at 1308 cm, ~ in CCl). 
: Infinity titer: 95.3. % Sulfone at infinity: 10.5. 
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TABLE LXVII 


RATE OF REACTION OF 2=PHENYL=-2=PROPYL 2, 6-D IMETHYLBENZENESULFINATE 
(.02191 M) IN 80% DIOXANE AT 90,0° WITH ADDED 2,6~LUTIDINE (404475 M). 
RUN I=141,1420 


Sn Rs Os OES OEE ETS CES EEL RS SESS CENTS PERT SETS FO ES SY SY TS TTS 





Base: NaOCH, («03847 M) Aliquot: 4.983 ml» 
Indicator: Phenolphthalein, Calculated infinity: 2.838 ml. 
a 108 B 0.) sea 
Blank 0.106 

0 0.146 0.01536 

300(b) o2hd, +03060 (1.42) 

720 «365 »06258 (1.36) 1.78 
1,200 571 09587 1.66 1.77 
1,800 +750 13226 1,65 1.74 
23520 955 316761 1.67 1.67 
3,300 1.173 «20548 1.74 1.67 
4y 200 12352 24576 1.7 1.70 
5,100 1.518 129951 171 (1.94) 
6,000 1.671 «33203 17h (2.00) 
7,200 1.851 1.79 
9,600 2.063 «38917 1.75 1.78 

10,800 20147 141162 1.77 (1.87) 
14,400 24304 43648 1.72 1.75 
61,200 20497 

04.7392 
61,200 20504 pets hai sn Dei PE «<a 


Average: 1472+ .04 1.73+ 204 





=1 
(a) Absorbance at 1308 cm. in CCl) 
(b) Considered as zero time for inptaxved rate calculations, 


% Infinity titers 8402. %4 Sulfone at infinity: 18.7. 
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TABLE LXVIII 


RATE OF REACTION OF 2=PHENYL-2-PROPYL 2,6=DIMETHYLBENZENESULFINATE 
(.02188 M) IN 80% DIOXANE AT 90,0° WITH ADDED 2,6=LUTIDINE (.09635 M) 
AND 2,6=DIMETHYLBENZENESULFINIC ACID (.02403 M). RUN I-145,146. 


Sn ee Se ED SE EE Fe ET FS es ED Se Or eer Sere) ee 0648S EE as ee ee OE Ol ES | 
me eens Mean am mR ee 











Base: NaOCH3; (.03847 M).« Aliquot: 4-983 ml, 
Indicator: Phenolphthalein, Calculated infinity: 2.834 + 3.113 
= 5,947 mle 
(esas) (nls) Log 7 (9) mfibaid inane 
Blank 30134 
0 3.167 0,015 36 
300 34207 603383 (0,56) (1,50) 
720 36454 06744, 1.79 Lees 
1,200 3,602 09377 1.69 1.73 
1,800 34795 13513 ieTh 1.87 
2,520 3.991 17840 1.69 1.95 
3,300 haoil » 21880 1476 2401 
hy 200 4.388 025 382 1.72 Lit 
5,100 4589 »29623 1.79 (2.17) 
6,000 4707 «30298 1.75 1.93 
7,200 40858 33586 1.73 2,00 
9,000 5 4064 034655 1,79 1.73 
11,100 5,211 » 36380 1.78 1.73 
14,400 5 4332 «39164 1.69 1.57 
88,560 5 0552 math 
88,560 5 0556 ~ es 





Average: Le74t +04 1.83+ 11 








-1 
Absorbance at 1308 cme ~ in CCl,+ 
“OU aete titer: 849s % araue at infinity: 17.2. 
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TABLE LX IX 


RATE OF REACTION OF 2-PHENYL~2=PROPYL 2,6=DIMETHYLBENZENESULFINATE 
(.02182 M) IN ANHYDROUS ACETIC ACID AT 25.0° WITH ADDED SODIUM 
ACETATE (.05600 M),.RUN II~-91, 


Ee RS © AS Sw NE FR ST ee 8 eS Ee ees oe 
0 0 a a on cm 6 cn RS OE ET ED SY Re OS ES Oe RS ee EE ROR EN Re ee ee ee 





Aliquot: 4.983 ml, 





eee Oe en Bee Be we On Be Om See oe Ee Bh Oe a ee ee ee 











ES TO 
fe) 0,01912 
18,000 08027 4.18 
30, 600 12678 hake 
41,400 115381 ee 
72,000 + 24993 Lake 
100,800 31931 437 
136,800 237621 4,403 
170,100 43632 ta. 
210,600 »48686 3284 
266, 400 248855 (3,06) 
288, 000 59627 4.01 
338,400 63357 3 »85 
338, 400 465263 halk 
511 hrs. Beye 
557 hrs; a cccineigananepnemeniagsitemann 


Average : he 13+ ' 17 





(a) Absorbance at 13038 om,7> in CCl,» 
% Sulfone at infinity: 26.3. 
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TABLE LXX 


RATE OF REACTION OF 2=PHENYL-2=PROPYL 2,6~D IMETHYLBENZENESULF INATE 
(,.02164 M) IN ANHYDROUS ACETIC ACID AT 25,0° WITH ADDED SODIUM 
ACETATE (.11200 M).RUN II-43. 


SSS CAS OEE SOT ENE ONT OS NS EE TEE oe Ge 


Aliquot: 4.983 ml. 

















Time (sees) tee oy tee 
0 0.02979 
5,400 03902 (1.89) 
12,600 08707 (5.17) 
36, 600 15594 4408 
64,200 025237 4238 
73,200 » 27967 4240 
90,900 233465 4250 
133, 200 42878 As34 
155,700 46150 Hee 
175,500 50474 Aa22 
210,600 55449 409 
238,800 162706 4uL9 
504 hrs« Nees 
552 hrse = ,aseenpeenaviehnste 





Average! As29tel4 
— CLE 
~l 
(a) Absorbance at 1308 cm, ~ in CCl). 
% Sulfone at infinity: 26+4+« 
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TABLE LXXI 


RATE OF REACTION OF 2=PHENYL-2=PROPYL 2, 6=D IMETHYLBENZENESULFINATE 
(.02151 M) IN ANHYDROUS ACETIC ACID AT 25,0° WITH ADDED SODIUM 
ACETATE (.05600 M) AND LITHIUM PERCHLORATE (.02426 M).RUN II-39- 


A AS CS 
wesw 





ents ae: ne ES Om COE SERENE HOR ee RO EY ME TE ES WIE TES Cis ene e RES aS Ame 
PE a FOE CWI Se TES PRET ME LO ED ROIS FRE PR 8 SOE EEE OR Oe CAE CS CEE ny LD CNT 





Aliquot: 4. 983 ml. 








AU Oe OO aes OE CER RE ONES OS ATT RNS NS SG An AY END SE SEY 





Time (sec,) log 4° (a) 10° k,sece7> 
0 0.02243 

35000 03623 785 

6,300 05652 9.39 
14,400 209447 8.98 
28,800 0 13925 7.61 
40,500 .18270 1.77 
5 44600 24155 8.44 
81,900 » 31302 8.21 
92,700 33042 7489 
108,900 137346 8,22 
129,600 239881 7.76 
144.5900 41681 7.53 
170,100 16776 3.15 
552 hrs. eu 
576 hrse 





Average: 8.15 + «42 
aE 
(a) Absorbance at 1308 om,+ in CCL, « 

% Sulfone at infinity: 17:4. 
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TABLE LXXITI 


RATE OF REACTION OF 2=PHENYL-2=PROPYL 2,6={DIMETHYLBENZENESULF INATE 
(.02197 M) IN ANHYDROUS ACETIC ACID AT 25,.0° WITH ADDED SODIUM 
ACETATE (.05600 M) AND TETRABUTYLAMMONIUM PERCHLORATE (.07066 M)» 











RUN II~87. 
Aliquot: 42983 ml. 
Time (sec.) Logz° (a) 10° k, sece = 
fe) 0.02449 
7 4200(b) 005 385 
14,400 08600 Velé 
23,400 «12516 7265 
39,000 19201 8.04 
543000 + 23096 7.30 
91,800 032838 7.04 
107,400 238238 7268 
122,400 41880 787 
152,400 045652 7039 
180, 000 49803 T52 
207,900 056265 (8.88) 
207,900 054864 8624 
295 brse 66586 
315 bre 
Avobere hs -2iSeeie 






(a) Absorbance at 1308 cm.~+ in CCl,. 
(b) Considered as zero time for raté calculations. 


% Sulfone at infinity: 20-0. 
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TABLE LXXIII 


RATE OF REACTION OF 2—-PHENYL-2~PROPYL 2,6=D IMETHYLBENZENESULFINATE 
(,02166 M) IN ANHYDROUS ACETIC ACID AT 25,0° WITH ADDED SODIUM 
ACETATE (.05600 M) AND TETRABUTYLAMMONIUM BROMIDE (.06682 M). 











RUN IT=55 o 
Aliquot: 4.983 ml. 
Time (sec,) log 4° (a) 10° k, sec. 
0 0.03463 
7,200 05614 (5.09) 
14,400 »09587 7447 
27,000 13450 6.73 
39,600 ol 7611 6489 
57,600 423223 6492 
90,900 033143 749 
107,400 © 35353 7.05 
172,800 44576 6.67 
218 , 700 +49360 6.60 
25 3,800 054407 7Th2 
504 hrs 
+63548 
552 hrs. <n tan aon ann actrees 
Average: 7.03 + +29 










(a) Absorbance at 1308 cm. 
% Sulfone at infinity: 19.4, 
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TABLE LXXIV 


RATE OF REACTION OF 2=p-BROMOPHENYL-2-PROPYL 2,6=DIMETHYLBENZENESULFI~ 
NATE (.02079 M) IN ANHYDROUS ETHANOL AT 90,0° WITH ADDED 2,6—LUTIDINE 
(04507 M),RUN II-229, 230, 

















a saan 
Base: NaOCH3 (.03888 M), Aliquot: 5.046 ml. 
Indicator: Phenolphthalein. Calculated infinity: 2.697 mle 
Mies (ule) nile X01) UOT asease he 
Blank 0,040 
0 O51 0,00000 
1,800 +357 ,03302 143 6,60 
3,900 #672 106558 7651 6246 
6300 0996 + 1.0037 7075 6,61 
9, 000 1.304 112840 7.98 6.36 
12,600 1,582 16732 7.80 6.66 
18,000 1.913 20686 7.96 6.71 
108 , 000 2.515 
+ 29469 
223,200 2.479 een aE een eee 
Average: 7474 +18 6457 +10 








Se ee ee 





(a) Absorbance at 1310 cm.“+ in CCl, 
% Infinity titer: 90.7» % Sulfone at infinity: 10.0. 
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TABLE LXXV 


RATE OF REACTION OF 2-p~BROMOPHENYL~2=PROPYL 2,6=DIMETHYLBENZENESULFI- 
NATE (.02091 M) IN 80% DIOXANE AT 90,0° WITH ADDED 2,6=LUTIDINE(.0,762M) 
RUN II=-243y 2440 





Base: Na0CH3 (.03888 M). Aliquot: 5.046 ml. 

Indicator: Phenolphthalein. Calculated infinity: 2.713 ml. 
Time Titer Corrected lo 10° k, sece> 
(sec. ) (ml, ) Titer(ml.)(a) et “i (b) itr. 40> 








S  al?5 0.175 0, 00000 
1,800 388 0388 03100 479 (4.02) 
3,600 2604 +604 07041 5.05 4280 
6,300 ,902 902 «11160 5 426 4460 
9,900 14257=.030=1.227 17114 5 426 4s92 

12,600  14445=2050=1.4395 20898 5.08 5.05 

16,500 1,709=.055=1.654 + 254,06 5416 5.15 

19,800 1,.865-,065=1,800 26811 5.01 468 

26,100 24154-6077=24077 233626 5 ell 5 043 


LAAs 600 3 0664 331=2,.748 
1449600 3.4079 4331=20759 
273,600 3.0480 352524696 


044389 


322,200 3.4119=.388=2.731 





Average? 5.09 +e11 495 +23 
————————————————— — a —_ 


te Corrections subtracted, based on Run II-242. 
b) Absorbance at 1310 cm.~} in CCl,» 


% Infinity titer: 98.0. % Sulfone at infinity: 147. 
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TABLE LXXVI 


CONTROL ON THE STABILITY OF 2,6=DIMETHYLBENZENESULFINIC ACID (.01528 M) 
IN 80% DIOXANE AT 90.0° WITH ADDED 2,6=LUTIDINE (,04717 M).RUN II-242, 


























Base: NaQCH3 (.03888 M). Aliquot: 51046 mls 
Indicator: Phenolphthalein, Calculated initial titer: 1.982 ml. 
Time (sec.) Titer (ml.) Time (sec,) Titer (ml.) 
0 2.105 16,500 2.152 

1,800 SaLbe 19,800 20162 

3,600 24110 26,100 217k 

6,300 24105 153,000 24420 

9,900 24127 273,600 2.469 


12,600 2,147 322,200 2.505 
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TABLE LXXVII 


RATE OF REACTION OF 2=p~TOLYL~2-PROPYL 2,6~—D IMETHYLBENZENESULFINATE 
(.02131 M) IN ANHYDROUS ETHANOL AT 70,0° WITH ADDED 2,6-LUTIDINE 
(04417 M).RUN II~167,168, 


A es tems OBES ES AE Ce tree 8 Lm I CED OPS CANE SESE OT ONT EL) GAL, PEE IGS ETT A Sra 
OL A SY SDE EE NS ORE I 9 PN, URL Om TE tee RS ES 








OS Ae DO SE Oe oe te HR 
eS OE OA SM Ym OS A ED 








Base: NaOCH3 (.03888 M), Aliquot: 5,046 ml. 
Indicator: Phenolphthalein, Calculated infinity: 2.765 ml.» 
Time Titer I 104 k, sec.7 
(sec) (mls) Log 7°(a) titr. isre 
Blank 04429 
0 0567 
120(b) 783 0.11594 10,06 
270 Leos 15927 9694 9.71 
300 1.072 216791 10.31 9.87 
600 15395 023274 955 948 
750 1,538 25840 9455 937 
960 W712 029994, 9062 10,21 
1,080 1,800 30771 9472 9455 
1,380 1.965 34 0A4, 9.66 9496 
1,710 24134 237347 10.20 10.31 
8,400 22465 
18,000 244,66 «43553 
25200 24467 e 





Average} 9485 4925 9.81 +428 








(a) Absorbance at 1308 om,7> in CCl,» 
(b) Considered as zero time for infrared rate calculations. 


% Infinity titer: $9.2.  % Sulfone at infinity: 13206 
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TABLE LXXVIII 


RATE OF REACTION OF 2=p-TOLYL=2.PROPYL 2, 6~D IMETHYLBENZENESULFINATE 

(,02288 M) IN ANHYDROUS ETHANOL AT 70,0° WITH ADDED 2,6-LUTIDINE 

(04464 M) AND TETRABUTYLAMMONIUM 2, 6«D IMETHYLBENZENESULFINATE 
(.05617 M).RUN III~23. 


Sam Ware cenccnee Se eee One Bees Ges NS Ww Oa EME CoP OR Cr U8 REE FEEL TE A OTTER DECAY OTE TET ETRE OR EK PN RT ML OUR en ER, Ty FT EN TL A EY EN, OY OE I a, RE, 
Sw DD Cerne cans cree Cer Caw Se CE SET MTS CSET IL ERLE CESS COE RL, OSE UR SPR ER LSP RELATOR SSS SR TEE Oe ORE ORR NEY FG LE SOROS SA A NY CR oS 


Base: Na0CH3 (.03888 WM), Aliquot: 5.046 ml. 
Indicator: p-Naphtholbenzein: Calculated infinity:2.968 ml. 
Time (sec) Titer (ml,) 10” k,sec.~+ 
Blank 0,027 
0 113 
0 116 
30 198 (11.50) 
120 «336 943 
150 0458 10,10 
240 2615 9.56 
345 2806 9665 
450 6982 9.76 
660 1.296 10,03 
900 1.549 9-84 
1,200 1.809 9.88 
18,000 20542 
18,000 2.568 wee ve 
Average? 9.78 +.18 


SSS eS Seems 


% Infinity titer: 85.6¢ 
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TABLE LXX IX 


RATE OF REACTION OF 2=p-TOLYL=2~PROPYL 2,6-DIMBTHYLBENZENESULFINATE 
(.02144 M) IN 80% DIOXANE AT 70,0° WITH ADDED 2,6-LUTIDINE (.04568 M) 
RUN II-175,176-¢ 


OSS TE GESTS SEED ne Eee HS BLY BAY OSH OS RS ER EN TE ETS ORE BE OED ON HCA ERD OEE OT HOARD SOC REPOTD BED KOMEN OU 
OS 0 DIES BS EEITD OOS BERLE EIT EYER ERS AEE ODL SOY ES ED OE Ca 3 BOTY EAE TRL) PE ES ARN OEE LSE ES BRO ORL 














Base: NaQCH3 (.03838 M). Aliquot: 5.046 mls 
Indicator: Phenolphthalein, Calculated infinity: 2,782 ml.« 
Time Titer Pedals 10 k, seca > 
(sec.) (m1, ) I (a) titrs ise 
Blank 0,482 
0 +659 0.07041 
330 0995 »19340 6,82 6.97 
480 1.128 24846 6.88 7435 
660 1.260 w2 7994 6.77 6.70 
960 1.482 e3751L 7209 ToAL 
1,320 1.702 044012 Tohh 7428 
1,560 1.796 148302 73h 749 
1,800 1.872 51121 7422 740 
2,160 14956 05 3857 6.96 7.04 
2,520 24030 6.85 
2,880 20105 7.00 
3 y 300 20172 60531 7420 6.78 
4,200 20234 #64503 6,87 7263 
21,600 26331 
30,600 24322 266932 
43,200 24329 
Average: 7:04 +019 7e2l #227 





-1 
a) Absorbance at 1308 cm.~~ in CCl). 
‘ heres titer: 83.6. % Sulfone at infinity: 20.0. 
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TABLE LXXX 


RATE OF REACTION OF 2-p~-NITROPHENYL-2~PROPYL 2,6~DIMETHYLBENZENE- 
SULFINATE (.02143 M) IN ANHYDROUS ACETIC ACID AT 90,0° WITH ADDED 
SODIUM ACETATE (.05600 M).RUN II-253, 


ee GO Oe ne WEE RENEE OEY bore Feats Co ee wee ee 
eR ED eee 8 ong ey em oe 


eee een ee ees oa ee Ee Ge One EY AER EOE Se ce ee CEES EEE ne Ae ES FER IE we BR TNT Es BD Pee 
7 STIR MR ET me EES EL EB ICTS CHEST AE BUNS Oe MLREED BRE OL ET ORES CO AEN CN IES GOT RREIRI ENE, EROS CS OS EA ER ES LS NSE CI SR ON CES EEO Bear CUP OS 


Internal standard: Ethylene carbonate, 


RF fae REE ON ENG COSTS UTE COM CE RES Ca8r he Cem SEEN ERED 








pas Ester Goncentration(®) log to 10° errens 
0 3.014 
25 , 200 252 0,08962 8,19 
50,400 2,019 174,00 71.95 
79,200 1,673 125564 743 
133,200 1.134 sh2hd3 7e3h 
172,800 1792 58041 17h 


—— OOOO SSS 
(a) Area ratio of nemere peak at 7-407 to ethylene carbonate 


peak at 5.487 as measured in CHC1l3. 
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TABLE LXXXI 


RATE OF REACTION OF 2-p-NITROPHENYL-2-PROPYL 2,6—DIMETHYLBENZENESULFINATE 
(.01100 M) IN ANHYDROUS ETHANOL AT 90,0° WITH ADDED 2,6-LUTIDINE (.01716 M) 











RUN III-25. 
Base: Na0CH, (.03888 M). Aliquots: 25.00 ml. 
Indicator: Phenolphthalein. Theoretical infinity: 7.09 ml. 
Time (hrs) Titer (ml.) 10° k, seca 
0 0.108 

28 0.66 1.15 

72 1.017 0.77 

115 LAAT 0.74 

139 34570 2430 

188 36738 1.86 

259 42072 1.63 
Infinity‘? 5170 


Average: 1.41+.51 
ooo oOoEOORONRIRNRIONONONO“O*“*O*O*O*O*0SwSSSSSSOaaaooe 
(a) Infinity point calculated on the basis of 73% solvolysis and the 


formation of 27% ethyl 2,6—dimethylbenzenesulfinate, as found in 
Run III-26,27 (Table LXXXII). 
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TABLE LXXXII 


RATE OF REACTION OF 2-p=NITROPHENYL-2-PROPYL 2,6=]D IMETHYLBENZENESUL- 
FINATE (.01100 M) IN ANHYDROUS ETHANOL AT 90.0° WITH ADDED 2,6-LUTIDINE 
(.01716 M).RUN III-26,27. 








Internal standards:Ethylene carbonatee Aliquot: 2.00 mle 





fetey—ritar aise) ot — 
0 24200 0 0 
28 1.975 0.51 1.08 
72 1.710 092 097 
a Me 1,430 027 0.208 1.03 1.04 
139 891 022 2278 (1.80) 1.26 
188 +800 228 0394, 1.47 1,63 
259 0525 029 0487 1.55 1.84 





Average: 1.214023 1.44 + 2X4 


" = 1,32 x 10° sec. 


obSe avge 1 
- -7 = 

eee ear kere. (rar yew) 9a"985 x10 sets 
ay “Sy 

4 —_ e 0 e 

Kk othyl ester kK obs. = 305 x1 pt 


ee 
eee eqs S880 5595555599 


(a) Area ratio of nemere peak at 7.403 to ethylene carbonate peak at 
5.487 (chloroform) at 100 Mc. 

(b) Ratio of ethyl 2,6—dimethylbenzenesulfinate formed to 2=p=nitro- 
phenyl-2-propyl 2,6-dimethylbenzenesulfinate reacted as measured 
by nemere peaks at 7.32 and 7-407 « 

(c) Area ratio of nemer. peak at 7.327 to ethylene carbonate peak at 
5.487 (chloroform) at 100 Mc. 

(a) Rate constant for arenesulfinate ester disappearance following 
peak at 7.407 - 

(e) Rate constant for arenesulfinate ester disappearance following 


peak at 7327-6 
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TABLE LXXXIII 
RATE OF REACTION OF 2=p=METHOXYPHENYL—2=PROPYL 2,6=-DIMETHYLBENZENE- 


SULFINATE (.02153 M) IN ANHYDROUS ETHANOL AT 25,0° WITH ADDED 2,6—LU- 
TIDINE (.04349 M).RUN II-250. 











Base: NaOCH3 (.03888 M). Aliquot: 5.046 ml. 
Indicator: Phenolphthalein. Calculated infinity: 2.794 ml. 
Time (sece) Titer (ml.) 10° k, sece+ 
0 1.365 
60 1.406 0.76 
Hey Pr 1.63 
190 1.766 292 
310 1.779 1.87 
460 2067 2.96 
670 2.058 1.98 
5040 2.310 
5,040 26304 


Average: 220 + <6 





% Infinity titer: 33.0. 
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TABLE LXXXIV 


RATE OF REACTION OF 2=p-METHOXYPHENYL-2=PROPYL 2,6=D IMETHYLBENZENESULF I~ 
NATE (.02334 M) IN ANHYDROUS ETHANOL AT 25,0° WITH ADDED 2,6-LUTIDINE 
(.04495 M).RUN II-262. 











Base: NaQCH3 (.03888 M). Aliquot: 5.046 ml. 
Indicator: p=Naphtholbenzein,. Calculated infinity: 3.028 ml. 
Time (sec.) Titer (ml.) 10° e607 
0 0.344 
65 618 2.13 
125 2830 2.09 
200 1.053 2-04 
285 1.275 201 
385 1.465 1.96 
560 1.769 1.98 
3, 420 2.461 
59520 20465 


Average: 2604 + «05 





a 


% Infinity titer: 81.3. 
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TABLE LXXXV 


RATE OF REACTION OF 2-p~-METHOXYPHENYL-2-PROPYL 2, 6=DIMETHYLBENZENESULF I~ 
NATE (.01968 M) IN ANHYDROUS ETHANOL AT 0,0° WITH ADDED 2,6-LUTIDINE 
(.04358 M).RUN II-278, 








em AS ete ce ee ee ae | ee ae a ae a eR a 
A a EN A RE EAN BS CC Re RE ESRF LA RS 8 ER A I I mS SN MR SF 








Base: NaQCH3 (.03388 M). Aliquot: 5.046 mle 
Indicator: p=Naphtholbenzein. Calculated infinity: 2.554 mle 
Time (sec.) Titer (ml.) 104 k; sec. 
0 0.168 
410 +245 1,01 
1,800 0504 1,08 
3,000 +688 1.06 
5400 2976 1.02 
9,480 1-341 1.01 
14,400 1.666 1.07 
87,180 20075 
140,100 2.069 a 


Average: 1.04 + .03 
———————— ——  ——————— —__________s____— ____ EEE” 


% Infinity titer: $1l.l. 
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TABLE LXXXVI 


RATE OF REACTION OF 2=p-METHOXYPHENYL-2-PROPYL 2, 6-D IMETHYLBENZENESULFI- 
NATE (.02257 M) IN ANHYDROUS ETHANOL AT 25,0° WITH ADDED 2,6—LUTIDINE 
(.04554 M) AND TETRABUTYLAMMONIUM 2,6-D IMETHYLBENZENESULFINATE( 03346 M). 











RUN IITI~-34. 
Base: NaOCH, (.03888 M). Aliquot: 5.046 ml. 
Indicator: p-Naphtholbenzein,. Calculated infinity: 2.928 ml. 
Time (sec) Titer (ml.) 10° k, sec. 
0 0.567 
40 +709 2,05 
90 +862 1.99 
170 1.092 2203 
300 1.390 2.03 
435 1.615 2400 
660 1.908 2.07 
3,360 2361 
6,660 26377 


Average: 2.03 + .02 


ooo ee OOOSOa>a>a>0>*OwOm—owwnm™mm=—": 


% Infinity titer: 80.9. 
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TABLE LXXxVII 


RATE OF REACTION OF 2=p-METHOXYPHENYL—2=PROPYL 2, 6-DIMETHYLBENZENESULF I- 
NATE (02217 M) IN ANHYDROUS ETHANOL AT 25,0° WITH ADDED 2,6-LUTIDINE 








(.04662 M) AND LITHIUM PERCHLORATE (.03690 M). RUN II-261. 
Base: NaOCH3 (.03888 M). Aliquot: 5.046 ml. 
Indicator: p-Naphtholbenzein. Calculated infinity: 2.877 ml. 
Time (sec. ) Titer (ml.) 107 k, eae 
0 0,870 
ok, 2999 2045 
140 Bi $0 de) 2658 
205 1.462 2456 
280 1,619 2257 
365 hw ge fe 2052 
550 1.965 2047 
3,925 24346 
59 245 26354 


Average: 2453 + .05 


oS OO —w\w;»;<—w_aeaww_a—* 


% Infinity titers 81.7-+ 
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TABLE LXXxVIII 


RATE OF REACTION OF 2=p-METHOXYPHENYL-2-PROPYL 2,6—DIMETHYLBENZENESULF I~ 

NATE (.02222 M) IN ANHYDROUS ETHANOL AT 25,.0° WITH ADDED 2, 6=LUTIDINE 

(,04670 M) AND TETRABUTYLAMMONIUM 4-METHYLBENZENESULFINATE (.25938 M). 
RUN II-279. 





Base: KhaQGH, ( , 03888 I) ¢ Aliquots 5,046 ml, 


indicator: p-bephtholbenzein, 


Re Oem 





Time (sec.) Titer (ml,) 10? k, sec. 

0 2.660 

70 24839 1.99 

115 20965 2.18 

220 34135 1.92 

265 3.210 1.92 

375 34337 1,80 

540 30559 1.96 
2,680 4.029 

5,760 e046 = 





Average: 1,.96+,09 
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TABLE LXXX IX 


RATE OF REACTION OF 2=p-METHOXYPHENYL-2=PROPYL 2, 6-D IMETHYLBENZENESULFI- 
NATE (.02323 M) IN ANHYDROUS ETHANOL AT 25,0° WITH ADDED 2,6-LUTIDINE 
(.04463 M) AND TETRABUTYLAMMONIUM AZIDE (.029130 M). RUN III-35. 








Base: NaQCH, (,03888 M). Aliquot: 5.046 ml. 
Indicator: p-Naphtholbenzein. Calculated infinity: 3.013 ml. 
Time (sec.) Titer (ml.) 107 k, sece > 
0 0.235 
45 0 315 1.99 
105 0417 2.07 
185 a5e5 201 
300 °670 210 
450 eTIL 2.01 
670 0951 2.18 
2,700 LeL71 
5,580 1.165 


Average: 2.06 + .06 
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% Infinity titer: 38.8. 
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